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tobe known variously as big history’ “deep history,” and “evolutionary history*! 
"begin witha foundational question: How has the history ofthe earth system 
shaped the history ofthe human condition? The most cursory consideration of 
{here histories suggest the basic outline of the tory. Over the very long term the 
history fa volatile and changing earth has riven biological and human evolution; 
thas been a rough journey, and we ae products of that journey, During long 
epochs of organic hunter-gatherer systems and agrarian economies, humanity Was 
fundamentally subject to natural forces of an evalving earth system our sudden 
transition into fossil-fuel industrial modernity has made ws an increasingly 
sctive and determining agent in that earth system. Occasionally too, hurricanes, 
earthquake, or volcanic eruption remind usthat the earth ra very volatile 
platform for our finely balanced societies and economies, 


‘This book then, explores the role of mature more precisely natural story — 
{human history Doing so challenges a fundamental irre spoken tenet of| 
my profession. We historians ae extremely uncomfortable withthe ea that 
natural force in some way circumscribe human agency. Fearful of being labeled 
‘environmental determinists we opt fora model of change in which all ofthe 
‘Hgnifcant causal agents in historical processes are internal -or endogenous ~ 

to human culture society and economy. Given that mort historians workon the 
‘ast three to four centuries at most, this is not a completely unreasonable posture, 
‘because natural systems typically operate over much longer time frames. 


But three considerations require that we set aside our avoidance of nature? Firs, 
‘holistic, long view of the human past, starting with evolutionary time, requires 
an understanding ofthe natural forces operating over centuries millennia, and 
millions of years. Second, the shot time sale ofthe past three to four centuries 
has sen both the glaal recovery from the Little le Age and the onset of apid 
‘anthropogeni (numan-induced) climate change. Third, revolution has occurred 
Inclimate science, driven since the 1960s by an emerging understanding of the role 
of fossil fuel technology in altering global imate Forty years ago, historians of 
‘another generation had no truly systematic evidence for climate history at hand, and 
here prudence did indeed require restraint * But over the past generation the careful 
sclentifc study of chemical signatures in ie layers, lake beds, and marin sediments 
has established a remarkably detailed history of global environments reaching 
‘backtilion of years and ofremazkabletertureand resolution inthe relatively 


recent past One of the central purposes of this book isto introduce histoiansto 
the findings of thie new global climate science Despite recent politically driven 

“controvesias” a massive body of incontrovertible evidence exists forthe history of 
‘imate and for human-induced climate change, as this book reports in some detail. 


felimate history is central problem in this book, it shares the stage with a 
series of other critical questions. A big question running through my story is the 
shifting conditions of human well being. ax roughly measured by changes in both 
the size and health of populations over the very long term of human history, Here 
the systematic analysis of archaeological and genetic datas beginning toradicaly 
sharpen our picture of human health in past time and to extend a chronologically 
shallow documentary record; offer a tentative sketch ofthe ways the health 
evidence may suggest trends in overall societal prosperity and poverty These involve 
the conditions of routine health and those of the criss of epidemic, both in their 
‘emergence and operation during the premodern agrarian epoch and their contrl in 
what ix known asthe epidemiological transition ofthe past several hundred years, 
ere see a fundamentally dynamic causal interaction between daease and human, 
‘gency. Inthe books final section, targue that, in addition to global empire building, 
an emergent understanding and practice of publichealth, grounded inthe efforts of 
Increasingly effective early modern nation-states, drove declining mortality anda 
surge of population growth that was a critical force the spiraling development of 
sconomlc modernity 


‘Thus human agency itself ts another central problem in this book, perhaps 

the central problem. Ifnatura forces of climate, environment, and disease are 
Indoed 40 powerful, how has humanity managed to arriveat its current condition 
cof modernity? Here! take the very long view of the growth of human capacities, 
considering a continuum of adaptive change running from biological evolution 
to technological innovation and economic growth And as this problem of human, 
agency develops in this book, Uhave ha to try to muppress the impulse to write 

a political history but questions ofthe ole and eficiency of the state inevitably 
become essential problems inthis account. 

tis to examine these foundational questions, abig history necessarily must 
address grand theory our inheritance from the founders the modern socal and 
biological sciences who established cur understandings ofthe evolution and history 
of biological and human life. They werethebighistoiansof their day, and theirreach 
has been long and powerful. 

‘We might wall start with Benjamin Franklin, whose writingson land and. 
population inthe 1750s were powerfully influential on Adam Smith and Thomas 
‘Malthus, whon turn shaped the intelectual stage for Chatles Darwin. Men of 
the eighteenth century, Franklin, mith, and Malthus could not anticipate the 
‘transformation tocomein the nineteenth they wereall concerned with the problem. 
of prosperity in organic, preindustrial societies Franklin and Malthus were mare 


and the Food), Darwin framed the concept of natural selection as tooth-and-nall 
struggle for resources in acontet of perpetual overpopulation, 

‘Matthusian and Darwinian thought must be seen as inseparable intellectual 
frameworks Both assume a fundamental gradualism in which aclosecaleulus of 
population and resources constantly threatened individual survival. Each are ody 
ntistorical assuming that the conditions ofthis struggle vary within a minor 
‘nd negligible range. Each posited an individual solution: Malthus’ salvation lay 
Inthe preventive check of sexual restraint; Darwin's ay inthe advantage accruing 
to Individuals and evolving species from nique qualities of postive traits, later 
‘demonstrated tobe operating a the genetic level by Gregor Mendel and at the 
‘molecular level by Watson and Crick ® 


“Among the classical economists, whee still ony visualized gradual changein 
an organi economy, Adam Smith was far more optimistic than Frankiin, Malthus, or 
Darwin, Smith posited growing prosperity per capita with an intensifying division 
‘of labor pursuing expanding markets opened bya iberal, post-mercantilist stat 
{energy supplies remained essentially stable, the ski dexterity, and judgment” 
‘ofthe deployment of human labor would drive the advance of human well-being.’ 
Inthe 1950sand 1960s, Danieh economlet Ester Boserup formulated restatement 
‘ofthis mithian model of growth in an explicit asault on Malthus. She argued 

that Malthusian cries were rare events in human history because incremental 
Innovation and intensification had generally kept population ahead ofthe grim 
reaper But Smith and Boserup shared with Malthus and Darwin basic assumptions 
shout the slow, gradual, and uniform trajectory of biological and socal change. For 
‘none ofthese theorists is there room for sudden jolts: Malthus and Darwin saw an 
‘unremitting contest over resources by human and biological populations limited 
by inherently slow capacities for adaptation and change: Smith and Boserup saw 
those capacities as suficlent-if well enough organized ~for human effort to produce 
significant though limited results. Running through all f these frameworks was— 


‘consciously or not -the basic principle that energy avallale to organic bilogial 
anc economic systems is limited by an annual input of olarradation and a product 
‘of photosynthesis. And we should remember that Adam Smith, while focusing his 
attention on the virtues of peaceful commerce, was well aware that the prosperity of 
‘one socety might alsocome a the cost of another, in the “dresdful misfortunes" of 
‘those subjected tothe plundering” of conquest by expanding empires? 

‘Two quite different intellectual ventures have challenged the gradulist 
sssumptionsof the classical theorists in both economics and evolution First, the 
[Impact ofthe industrial revolutions ofthe nineteenth and twentieth centuries 
‘exposed the limits ofthe perspectives develope by Smith, Malthus, and their 
contemporaries. Rapidly advancing technologies, designed on rigorous sclentific 
sand mathematical principles and powered by the “free” energy of oss fuels, 
fundamentally challenged classical economics. Kar! Marx and Frederick Engels 
\wereamong the rst to wrestle with the impact ofthe new technologies as they 
transformed the relationship of labor and capital Marx's understanding ofthe 
‘modern capitalist economy was elaborated in the 1920s by Soviet economist 
‘Nikola Kondratie into cyctical nequence of expansions and contractions, which, 
was reformulated inthe 1930s by conservative economist Joveph Schumpeter nto 
business cycios driven by technological innovation. Theresa general contemporary 
consensus thatthe modern economy s fueled by an accelerating, technology-drven 
‘Schumpeterian growth, rather than a gradual Smithian growth, Coming in unique 
waves rather than recurring cyte, succeasive technologies of increasing capacity 
and improving efficiency have swept through the modern economy since the extly 
nineteenth century, overturning older systems in surges of ‘creative destruction” 

‘Aremarkably similar ‘catastrophism” has emerge in the arena ofthe natural 
sclonces. As the rt efforts to model the tectonic history ofthe earth were made 
Inthe 19606, new understandings of earth history and of evolution suddenly 
‘developed, fundamentally challenging Darwinian gradualism. Fist fully 
articulated inthe pioneering work of Stephen jay Gould and Nites Exdredge the 
new understanding argues that bilogial evolution proceeded at diferent rates, 
ven in its and starts. This punctuated equilibrium, or pluralistic evolution," was 
riven by maor events in earth history, in which massive geological processes — 
super plume events interrupted periods of relative stability, rupturing continents, 
changing sea levels suddenly rising mountain ranges, and driving the artis 
climate and enviconment back and forth between “greenhouse” and “icehouse” 
conditions. Responding to these stresses and stablzations, one model euggests that 
sates of Darwinian natural selection acelerated and eubsided as epecies, families, 
and phyla were subjected to mass extinctions that opened the way to equally sudden 
etiods of speciation and expansion -theGouldian version of Schumpeter creative 
destruction 1 An even more radical view is gaining round, arguing that natural 
selection iactually a conserving force and that evalutionary breaks are biochemical 


‘responses to environmental stress, operating during the development ofthe embryo 
‘twestablish new physical tatsin the phenotype"? 

Ifthe new science is mapping these processes of geological and evolutionary 
‘latory since the origin ofthe earth thas also mapped them inthe relatively recent 
‘past, over fve millon years of increasingly glacial conditions of the Plocene and 
Pleistocen, and over the pas ten thousand years of reasonably table and warm 
{interglacial conditions Inown a the Holocene, which encompasses the entire 
‘agricultural history of humanity. The result, quite simply is that it snow quite 
‘lear that abrupt climatic and environmental change has been fundamental 
‘dimension ofthe long history of humanity. Trends and abrupt shiftsin climate 
‘drove human evolution in Miocene-Plocene Aric: severe glacial cycles and 
smegadroughtseplsodically reduced human numbers inthe lestocene, shaping the 
fina evolutionary modeling of modern humanity Even during the Holocene, milder 
but nonetheles significant global climatic shifts had enormous, indeed punctuating, 
lmpacts on fragile agrarian economies. 

But where the Gouldian punctuation model poses a challenge to gradualism, 
this challeng i ony tothe pessimistic gradualism of Darwin and Malthus. The 
Punctuation model posits expansionary growth asthe aftermath of crisis, and not 
Just because free resources are suddenly available The winniowing the creative 
‘destruction -impoted by the stresses of punctuation provide space for new 
sdaptive strategie to take hold and to persist. In evolutionary ecology there 
«considerable ongoing workon the ecology ofthese adaptive strategies of stability 
and ‘coordinated star" Just asthere are useful analogs tobe drawn between, 
Gould-Etdredge punctuations and Schumpeterian “creative destruction,” there are 
nalogstobe drawn between this evolutionary terature an stably and stasis and 
the optimistic gradualism of Adam Smith, Ester Boserup and a newly emerging 
literature on human resitence Increasingly, variety of Uteratures are coming to 
an understanding that ancient and medieval/premodern populations and societies 
were muich more sable and resitient-than previously thought. We should not 
betoo sanguine about the quality of if in these premodern societies; growing 
population density in the absence of modern public heath meant shorter life spans— 
tnd shorter adult stature than the recent modern norm. Butrather than a constant 
story of peaking and crashing atthe edge of technological capacity, ong stretches of 
human history have been shaped by constant gradual Boseruplan innovation and 
occasionally evenby “Smithian" economic growth. The emerging consensus heres 
‘tat, within certain mits, organic economies of the past were adaptive and reslient, 
‘withthe result that snclent societies lasted for enormous stretches of time relative 
to the record of modernity: Thus [argue throughout this book thatthe structure of 
‘human history isdistinetly“Gouldian”/punctuational, with long periods of relative 
stability (stasis) interrupted by well-defined breaks best understood as episodic 
(not necessarily celica) global climate crises Dark Ages, perhaps—increasingly 


augmented and surpassed bythe eruption of epidemic disease and destructive 
warfare! 

‘havenot cometo thisnature-driven argument easily or lightly. When [fist 
‘began this project, was very resistant to aclimate-driven thesis, andYassumed 
that I would be telling fairly standard story of Malthusian sustainability crises 
{In which episodic population growth drove both the crises and regime shifts 
{inhuman history. This argument has been most powerfully advanced in Jared 
Diamond's Collspre*” But, after closer consideration of the iteraturein a variety of 
‘elds, Thave abandoned ths position, which [call he endogenous argument. find 
{growing skepticism among prehistoric, ancient, and medieval specialists toward 
rigidly theoretical Malthusin interpretations and among paeo-ecologists toward 
arguments fr significant human-induced environmental degradation in premodern 
eras! At the same time, climate scientists are fnding compelling evidence for 
severe climate change at key periods of human crisis and transformation. Largue 
‘hat until the onset of modern accelerated population growth, no premodern 
socletyof consequence cecupying a reasonably adequate biome! suffered a 
purely endogenous "Nalthusian crits"; rather adversity, criss, and collapse were 
fundamentally shaped by exogenous forces: the impacts of drought, cold, and 
epidemic disease drove episodic and abrupt reversals in societal complerty and 
the human condition. Diamond book and many other environmental histories of 
theancient past, argue are more Jremiadson the very eal si of modern society 
than descriptions ofthe central tendencies of past human history. Thus, tomy own, 
surprise argue that Malthus was wrong egarting mort ofhuman history. Contrary 
to the standard account, most of the human experience has not een shaped, 

‘by endogenously driven overpopulation, but by a dialectic between moderately 
successful organic economies andthe regular impact of exogenous natural forces, 
‘Only inthe recent past, as we have suddenly escaped from the constraints of 
epidemic disease to vary increate our numbers, has overpopulation become an 
earth-systemic risia 2° 

‘Thus the fundamental insights informing this book are Goulds qualifation of 
Darwin and Boserups qualifcation of Malthus, with Marx and Schumpeter thrown, 
Infor good measure. In the long course of organic economies from the Paleolithic! 
"Neolithic to the eighteenth century - during long periods of relative stability 
~Borerupian-Smithian processes of gradual iovation and slow curnlative 
economic growth on balance offset and cccasionallytranscended population growth, 
Until the onset of trae Schumpeterian economic growth around the north Atlantic in 
the mid-nineteenth century, the human condition was governed not bya Darwinian 
‘Malthusian synthesis of constant struggle onthe razor edge ofcrisis and callapse, 
‘but by combination of the Gould-Eidredge model of natural punctuation and an 
intervening equilbrium/stass-Boserupian model of imnovation and resilience 
‘In sum, over thelong un, haman societies and economies got through by geting 
‘better, bu fai regularly adverse natura forces set very bad things inmotion. Only 


Inthe very recent past, when the beginnings of moder pliticl governance the 
frst precursors of medical practice, and the establishment of global empiresled to 
spreading focal points of extremely rap population growth, did atrly Malthusian 
calculus beginto operate frst in England and China inthe eighteenth century ~ 
and with rtical transitions driven by the push of population rather than natural 
forcings. Paradoxically, Malthus was ight but for his own time and place, nd for 
‘our own time. But before that point, population growth was not necessrily the 
fundamental driver ofthe human condition, except as it moved gradual Boserupian 
process of incremental adjustment and adaptation. 

‘Given such resilience and adaptive capacity, such gradual but effective innovation 
Inthe organic economy, fundamental crisis and collapse required avery bg push, 
which did not comeallthat often. And over the course of premedern human history, 
when they dd come, some ofthese exogenous impacts were simply temporary 
setbacks without lasting structural impacts. But others qualify as revolution drivers, 
Gouldian punctuations with Schumpeterian consequences. During the Pliocene 
and the Pleistocene, human revolutions shaped by global climate stresses included 
the three key junctures in human evolution: the Austraopithecine divergence 
from advanced primates, the speciation of the genus Homo, and the development 
of modern human anatomy and cultura capacity now called the Middle Paleolithic 
Revolution. Inthe prehistoric and ancient Holocene, these moments include the 
origins of domestication, the rise of complex agrarian societies, the rise ofthe Bronze 
‘Agestate,and artical “axl” tranaition from Bronze Ageto Iron Age polities and. 
‘conomies Thee ron Age structures framed the technological and sociological 
‘outlines ofthe entire era down to the beginnings of modernity itself launched 
‘during an epoch of devastating natural catastrophe. Throughout each ofthese 
critical transitions in the human condition, earth systemic forces shaped an epoch of 
"creative destruction” lading to kry departures in technology and social formation, 
‘These were bottenecks of population, resources, and adaptive capacty/technology 
but they were fundamentally shaped by abrupt climate change, not critical 
‘overpopulation. 

‘Thetransition to modernity involved the lunch of self-sustaining Schumpeterian 
srowth driven by quantum leaps in technology, and is now driving an accelerating 
alteration of global environments and climates tis abundantly clear tht this 
transition necessarily inoved three factors: global empires, a frutfl linkage 
between experimental cience and artisanal technology nd chesp and ecessible 
fossil fuels. It also followed ~and was shaped by -the overlapping impacts ofthe 
Black Death andthe itl fce Age Inan ag of global natural crisis perhaps more 
severe than anything experienced inthe Holocene, the benefit of intensified organic 
‘economies and global empire accrued to certain early modern European societies, 
But as increasingly effective governments tipped the epidemiological balance toward, 
rapidly growing populations, the ecological and health demands of increasingly 
‘commercialized and urbanized societies provided an essential imperative for 


‘technological change requiring massive injections of energy. Now translated tothe 
_loba stage, these imperatives have driven the accelerating surges of economic 
‘growth that we collectively call the industrial revlutions and the supercycles" of 
‘the modern economy, as well as impacts on global environments and climates that 
‘an only be compared in scale to primal forces of the earth system itself 

‘Thus our modern condition has tobe sen ara mushrooming complex of rapid 
population growth and resource and energy demands (driven by both fist world 
"fesyl" expectations and third world numbers), accelerating advances in science 
and technology, and loal/egional and increasingly global environmental impacts. 
Living our day-to-day, year-to-year ives, we have lost sight of how extremely 
recently ~in earth system terms and over the ac of human history ~we have entered 
this modern condition. The fundamental question facing the word today isthe 
‘imple question of sustainability: How far into the future can we sustain modern 
populations and standards of tiving? What s lear is that natural conditions being 
reasonably favorable - organic societies in preindustril times were reasonably 
sustainable if not all that pleasant to ive i: short individual life spans were 
‘matched by log societal chronologies. By contrat we have to wonder whether 
revising the standard reading of Malthas~ industrial societies have reverse this 
‘uation, in which improved conditions of health and increased ie expectancy 
have been exchanged for an unsustainable global economy and ecclogy putting the 
future course of our socal chronslogy” into some doubt. Deniers, pessimist, and 
pragmatists now debate this question ina global pubic sphere The outcome ofthis 
‘debates a matter of the greatest consequence for humanity and fr the earth system, 
‘As wa contemplate our uncertain collective future, it may bef some consolation 
toknowe that the entire history of humanity inthe earth system hasbeen a rough 
Journey and we have acquired considerable sis in navigation and travel only we 
are willing to use them. 

‘Afev words and caveats on the organization ofthis book are inorder. art 
establishes the basi premise that there is fundamental relationship between the 
‘dynamics of the earths geological and atmospheric history and the evolution of 
‘iological life and of humanity over the very long term, rom the ft eons after earth 
formation tothe end ofthe Pleistocene ice ages. The first chapter describes the new 
synthesis ofa geological atmospheric histor of stasis and crisis driving cyles of 
stability and punctuation in biological evolution, from earth origins down toroughly 
ten million years ago. Chapter 2 details the similar story of primateand human 
‘evolution, from the Miocene tothe end ofthe Pleistocene, when modern humanity 
hha colonized virtually the entire earth. Part covers roughly nine thousand yeats, 
fom the erratic close ofthe Pestocene around 12000 BC through the peak global 
‘warmth and cooling ofthe Eazly and Mid- Holocene in which human societies setied 
Into postglacial environments, domesticated plant and animal species and 
‘established stable agrarian societies and the beginnings of the state, around 3000 BC. 
By the end ofthe Pleistocene, human innovative capacities based on our anatomical, 


agrarian ancient and medieval worlds from 3000 BC tothe Back Death, in twolong if 
fragmented sequences ofthe human experience, defined in the Old World by the 
Bronze Age an the long epoch of classical antiquity and “medieval soceties, 
Interrupted by the formative crisis that launched the Iron Age. Fart1V andthe Coda 
‘resent anew interpretation ofthe breskout to the accelerating, slfperpetuating 
economic growth ofthe modern worl, examining the transition to modernity from 
the aftermath of the lack Death to our current condition of a humanity of seven 
bition, a significantly altered atmosphere and biosphere, a massive but sputtering 
lobal economy, and creeping paralysis of governance. 

‘There salsothe question of global coverage tn one volume, [cannot give the 
entire prography ofthe human experience ts due justice. For better or worse Ihave 
‘been guided by three rules of thumt: population, evidence, and environmental 
Impact. have focused on those parts ofthe world where the highest concentrations 
of population developed, where we have the best evidence, and where trajectory 
towartstate, empire, and the fous fuel transformation seems to suggest the central 
probiems of our human condition We Chapter 2 necessarily focuses onthe center 
stage of human evolution, eastern Africa and then the adjacent Eurasian zones of 
‘modern human dispersal Part onthe Neolithic and transtion tothe att state 
‘is somewhat more selective, focusing on greater Southwest Axia/northeast Aftica, 
sand only sketching developments in India, Southeast Aca, China and the Americas, 
‘wherein many cases the archaeological datas nota fully developed, Pat Il,on 
rca tate eocieties, Clasial Antiquity, andthe Middle Ages, focuses again on. 
‘Southwest Asia and to some extent Chins andthe Americas, maving broadly nto 
the wider eastern Mediterranean world, and from thereto medieval Europe Part 
{begins with afocus on Europe and Grest Britain, and moves tothe United States 
‘before widening out into global perspective ofthe very recent past For beter 
cor worse, not attempting a complete global coverage provides the opportunity to 
examine relatively closely some well-explored sequencesin world history and their 
‘place in and impact on the wider human condition. 
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Part I Evolution and Earth Systems 


1 Geological Time 


‘The Court Jester on the Platform of Life 
List of Figures for Part: Evolution and Earth systems 
rigures 
LL Earth systems, atmosphere, and bilogy:paleo-rises and palen-stasis 
L2Phanerozoicsuper-<ycles 
13 Cenoroie: climatic cooling and biological evoition 
1.4 The Pliocene: geology, climate and the origins of pote-humanity 
LS The Pleistocene: the 100K world andthe emergence of modern humanity 
|L6 The Final Plelstocene and the Younger Dryas 


Figure1.3. Cenozoic: climatic cling and biclogial evolution, 

‘Thelast 65 million years, the Cenozolc has been shaped by along, jagged planetary 
‘voling atthe earth has shifted into an Icehouse condition, which walleulminate 
{tens ofmilions of years na reaggregatedsupercontinent. This diagram by James 
2achos mapa the key climatic, tectonic, and bot events against oxygen and carbon 
lsotope proxies of global temperature. From peak temperature atthe Late Paleocene 
‘Thermal Maxirmum and the Early Eocene Optimum, the rtial phases in this 
Greenhouse-Ietransition were the onset of Antarctic paciation i the Ogocene, and 
Northern Hemisphere pacation in the Ptocene. From James Zachor, Mark Pagani, 
Usa Sioan, Ellen Thomas, Katherina Billups “Trends, Rhythms, and Aberrations in 
‘Global Climate 65 Mato Present" Science 292 (2001), 686-03 [Fig 2]. Reprinted with 
permission from AAAS. 
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Figure 5, The ieetocene the 100K world andthe emergence of modern 
humanity The emergence of modern humanity out of archaic homo species took 
‘place during the LOOK World" of glacial and inter-gacialepochsshaped bythe 
forces of orbital eccentricity Extreme droughts in East Africa caused by precession 
‘extremes during interglacils MIS 9, MIS 7, and MIS 5 probably created the bottleneck 
‘conditions tha drove the evolutionary lesps manifested inthe transition to 
Levallois faking, modern human fosis and the exit from Africa Eurasia, Among 
the various archalc species, the vast preponderance of genetic origins of modern 
‘humanity le in Africa, but tiny gonetic ows from Eurasian Neanderthals and 


‘warming of the Esty Holocene. The massive eruption of Mt. Toba at 71,0000» 
aligns with oneof the severe cold “Heinrich” events. 


Human history begins with human evalution, and human evolution s grounded in 

evolution, nd this is where we must begin. Equally fundamentally the 
‘evolution of life on earth must be sen a inexorably interwoven with ts context the 
‘earthiteelf,andits history. Throughout this book, we explore these intercomnestions, 
‘and they shouldbe spelled out hee atthe outset: human history iscontinuous with 
‘natural history, and nature indeed has ahistory 


‘The central facts ofthis history are threefold Fis life andthe physical 
‘constituents ofthe earth and the sun continuum running frm the fiery iron 
ofthe earth’ inner core cut tobeyond thereachof the solar wind -havebeen, 
powerfully interconnected for billions of years Second, this interaction has been 
‘complex and unstable ver these ilions of years the earth hasbeen ashiting 
and volatile platform for lif. Third, this instability ona rough world has shaped 
‘the spciic course that evolution has taken. Allearthly life forms owe their very 
‘existence toa rough instability anda growing complexity that gvesthe planet its 
unique character. 

‘This isan understanding of evolution andthe planet earth that has its immediate 
roots ina wave of scientific advances that began inthe 1960s and 1970s Duting 
there decades the prevailing gradualist orthodoxy gave way to specific earth 
history of dramatic moments of interconnected environmental and evolutionary 
‘change. Atthe same time, the boundaries between scientific disciplines collapsed, 
ts biologists, geologists and atmogpheric scientists began to work together as never 
before tounravel the complex story ofthe evolution of ife andthe history fix 
‘unique planetary platform, the earth itself Ths chapter sketches the emerging 
synthesis that ia developing from this intellectual revolution, but ist we need to 
‘onalder the revolution’ central elements. 


‘Tectonics, Asteroids, Plumes, Punctuation, 
Gaia: Revolutions in Earth Science 


‘Asofthe mid-1960s, roughly thetime when I was finishing grade schoo, gradualist 
‘model of earth history and evolution, describing evolution a an abtract mechanism 
‘marching inexorably through time, reigned nupreme. This understanding war 
‘winforce by the strict boundaries dividing the disciptines of biology, paleontology, 
seology, atmosphere studies, and astronomy. Early inthe twentieth century, 
‘biologists had incorporated the netic mechanisms demonstrated by Gregor Mendel 
Into Charis Darwin's model of natural selection of advantageous traits, and, during 
the ities and sities, the discovery ofthe molecular structure of DNA by Rosalind 
Franklin, James Watson, and Francis Crick gavea powerfully concrete specificity to 
the process of evolution. In this “moder synthesis” evolution imvalved the natural 
selection of genetic traits advancing through timeat aconstant rate, driven by the 
Imperative to reproduce themselves! Geologists held a similarly “static view of 

‘the earth” in which the planet's interior was seen as motionless and changeess 
‘except fora slow loss of heat, and, by some accounts, the contraction ofthe cooling 
‘lobe Researchers conduct atmospheric studies without reference tobialogical 
or geological science The fossil record, the hard evidence of the evolution af ie, was 
relegated to dusty museum exhibits ar molecular biologists occupied the*high table” 
of eveutionary theory? 


‘Butina few short yeas, between 1966 and 1973, both the mechanistic 
ahistoriism and the disciplinary isolation ofthe modem synthesis were overturned 
by four new perspectives that now inform the central debates in evolution. Two 
‘ware substantive discoveries; two were theoretical modes tobe tested with 

‘further investigation. Irthey challenged entrenched orthodoxies alo these new 
approaches were rooted in the work of earlier insurgents advanced inthe 1920s and 
1930s. The theories lending to plate tectonics were originally advanced by Alfred 
‘Wegener, Johannes Umbgrove, Arthur Holmes, and Harry Hess, understandings of 
‘extraterrestrial impacts by Thomas C. Chamberlain: the Gaia-earth stems hypthesis 
was grounded in eas first proposed by James Hutton, Yevgrat Worolenko, and 
‘iadimir Vernadsky; andthe theory of punctuated equirium had its originsin 
‘models of allopatric selection advanced by Emst Mayr and macroevolution of 
"opeful monsters” by Richard Goldschmidt * Powerful entrenched interests resisted 
all four ofthese perspectives, but during the last thir ofthe twentieth century they 
‘emerged as elements of anew orthodoxy broadly called the earth ystems approach 
that, blending theory, history, nd mountains of data, wil key stand the test of 
time, 


First, in 1966, Allan Cox and his Berkeley associates conclusively demonstrated 
that the seafloor was composed of rock aligned in stripes of alternating magnetism 
stretching out on either side of mid-oceanic rigs, n work massively confrmed 
bythe seabed drilling ofthe del ship Glomar Challenger. These obvervations 
corroborated the already emerging revolutionary understandings of plate tectonics: 
‘he crust ofthe earth snot inert and rigid bu x composed of thin oceanic plates 
Heng as Rot magma a mid-oceanie rifts and diving ino the earths mantle 
~subucting at various boundaries, usually atthe edge of thick and ancient 
continental “cratons, all driven by the rotating flow of convection currents the 
earth's mantle. The theory of plate tectonics and of continental drift utterly 
reorganized the science of geology, providing dynamic and historical explanations 
for the vast and intractable body of geological evidence that had been accumulating 
since the eighteenth century. Taking introductory biology and geology courses as an 
undergraduate nthe eaty 1970s, I saw firsthand the early excitement that biological 
‘evolution might havea specific history, driven by enormous transitions in global 
‘ecologies, asthe earth’ plates moved and collided over many, many milions of 
years 

‘Seven years aftr the tectonics of seafloor spreading had been demonstrated, 
‘evidence for earthly instability ofa very different ergin began to emerge from the 
‘results of «geologists field trip to marthern aly In 1973, Walter Alvares discovered 
a thin but dense ayer of rium in limestone deposits outside the village of Gubbio, 
and in 1980, he published an article that propose that this layer marked the“E-T" 
‘boundary separating the Cretaceous and the Tertiary epochs at 65 million years a0, 
and that ts source was a massive meter that had devastated life on earth, bringing 
‘the Mesozoic age ofthe dinoraursto.aclose This proporal struck very receptive 


audience, cause the extinctions recoded in the fossil record had recently been 
‘the subject of new research and work was under way that would define atleast five 
‘massive breaksin the evolutionary record, when as much ax 80 percent ofthe genera 
‘of marine life disappeared in 2 few million years.” Thus, just as an understanding 
‘thatthe internal éynamics of the earths plates, mantle, and core tectonics might 
have shaped vast ecological changes inthe distant history ofthe earth the 

Alvarer team -and the impactor theory that emerged fllowing his work posed a 
countervailing model of waves of meteors driving mass extinctions of terrestrial fe 
sand opening the way for subsequent evohutionary explosions. 

‘By the time that Alvarez ventured to Gubbio and only afew years after Coxand 
company had demonstrated the dynamics of plate tectonics inventor scientist 
James Lovelock had an insight that would shatter the comfortably isolated worlds 
of biological, atmospheric and gelogical sciences. Asked by NASA to estimate 
the likelihood that life existed on neighboring planets, Lovelock quicky ame to 
the realization that, because the infrared spectrum on these planets (ax observed 
‘on specially equipped telescopes) showed that their atmospheres had chemistries 
fundamentally different from Earth, was highly unlikely that lif could exist on 
Marsor Venu. By 1968 Lovelock had begun to sketch a model ofthe earth as ‘Gala ~ 
1 global econystem evolving through time in which gases, rocks, and if atmosphere 
conditions, tectonic geology, and terrestrial fe forms al formed an interacting 
and symbiotic whole. nts extreme form, Lovelock theory was a mystical paetn 
toa"*Godders Earth" While mystica! Gaia became the nbc of derision, Lovelock 
argued fran optimizing Gai, in which each component ofthe earthly ecosystem 
worked t optimize the conditions oflife Out ofthe sclentifcturmoll emerged a 
sable if not universally acepted) understanding known as influential Gala, which 
Potts that atmoephere,geosphere, and biosphere did indeed influence eachother in 
profound ways, and which stands asthe informal credo ofa huge eld of endeavor 
‘ow known as earth system science. tthe same time, biclogist Lynn Margulis, who 
wax closely involved inthe formulation ofthe Gaia principle, wat developing the 
equally important understanding that eukaryote cells, the building blocks of oxygen 
carbon-based lf forms, had their origins in the symbiotic combination of earlier and 
simpler prokaryote cells tan early moment inthe evolution of ife* 


Evolution: From Neo-Darwinism to Complex Emergence 


During these same years, aadically new understanding af the trajectory of evolution 
‘was emerging. In foundational papers published in 1972 and 1977- and obviously 
Influenced bythe new thinking in the sir- Stephen jay Gould and Nile Eldridge 
proposed that the emergence of new species wasnot aconstant proces but moved in 
‘ts and starts: it was not gradual but punctuated * Darwin and the classic geologists 
hha assumed that what seemed tobe large gaps in the fossil record were cause bythe 


‘erosion of intervening layers. Such gaps posed huge problems foran understanding of 
‘evolution unfolding in asingle sequence from ancient origins without some form of 
‘catastrophe, which seemingly would reopen the doortoa rlefor divine intervention. 
‘The Gould Eldridge concept of punctuation certainly posed norolefor supernatural 
‘causes. Rather, their“punctuation” was grounded inthe workf ologst Est Mayr, 
‘whose “allopatric” theory of the emergence of new species fst advanced inthe 
1940s and restated in 1963, s now foundational to evlutionary theory Mayr 
argued that new species didnot evolve in random fashion, butin small populations 
rographicaly isolated from the main body ofan originator species, small 
‘populations that might be under stress and through which useful mutations might 
‘easly and quickly fuse, in intergenerational “founder eects" and "genetic drift." 
Passing through this evolutionary “bottleneck,” the result would be new bodily traits 
phenotypes" that mark a new species, traits that f particulary advantageous 
might allow an explosive expansion of “radiation” into other ecological space when. 
the opportunity arises Rather than "phytic gradualism,” Eldridge and Gould posed 
‘made of punctuated equilbrium,”in which long periods of stasis in the fous! 
‘record of evolution would be sharply broken by waves of new species generated by 
tloparic proceses. In ts original formulation, the theory of punctuated 
equilibrium hewed closely to allopatric theory and avoided any reference to drifting 
‘continents or incoming meteors, Gould, Eiridge, and ba quickly assimilated the 
‘ew macro-environmental “forcings” asthe motor driving the unsteady, punctuated 
beat of the evolution of if on earth. The past twenty-five years have sen atitanic 
struggle between the advocates of an incessant gradualist model of selection and 
redelection ofthe prnetic code and proponents ofa punctuated model of stais and 
sudden drastic change involving genes, species, and communities interacting with 
‘vast rystems of earth and atmosphere. Gould, Elise, and thelr punctuatlonist 
students, morly rt fossil hunters, crossed swords with the tribe oflab-coated 
radualists, mostly molecular biologist, whose most notable spokesmen have been 
‘theorist Richard Dawkins, philosopher Daniel Dennet, and paleontologist Geerat 
Vermelj32 

‘The central problem Gould posed forthe graduaists ofthe modern synthesis" 
‘was that, under the right circumstances, evolution essentially stopped.-orsloved 
to such snails pace during periods of stasis that it might as well have stopped - 
“while n other circumstances it went nto overdrive The framework utterly violated 
the entrenched mode thatthe fundamental driver to evolutionary change layin 
‘he constant competition for reproductive success among competing genomes. 
Life isa raceto simply perpetuate the gene ite arae in which every adaptive 
sddvantage will contribute a competitive edge Biologist Leigh Van Valen articulated 
{hie feamework sa formal “law in 1973 inthe face of the emerging punctuatonal 
‘challenge to Darwinian orthodony. He describe ita the Red Queen's hypothesis 
{na aluteto Lewis Carol, whose demented Red Queen dragged Alice through 
‘moving countryside, running frantically just to stay in place *Incesponseto 


‘biologists Red Queen, geologist Anthony Barnosky posed the Cour Jester, an 
“errati, catastrophic engine of environmental forcing the very imp of destruction. 
Tn essence, the punctuationists are saying that certain ancent ecological regimes 
Were reasonably bountiful and balanced, while other regimes were wildly unstable, 
‘This bended approach assuming s plurality ofevlutionsry contexts-isat the 
heart ofthe emerging understanding. Bammoshy and others arenot assuming 
‘continual rampage ofthe environmental Court Jester, but the play ofboth the 
‘Queen andthe Jester at different chronclogical and geographic scales; catastrophic 
[Punctuations come in waves, with long intervalsof relative stability. # Some of these 
understandings ae not so evenhanded, however. One recent analysis concluded 
‘that the Court Jester may be the dynamic actor:“Ithe orignal Red Queen model 
had ahi of species running out of breath... and then being knocked offby 
‘the next event, the interpretation we propose i diferent. Species do not so much 
‘nun in place’ as simply walt forthe next sufficient cause of speciation to oecur"!® 
lthe circumstances between punctuations are stable enough to suspend the “arms 
‘ace’ of Darwinian competition, then “equilibrium tel something that needs 
‘explanation, and an interconnected literature is focusing on evolutionary and 
‘cological stasis and stability a the counterpoint to punctuation 

Embedded in this new framework of diferent rates of evolution isthe question 
‘of iferent mechanisms and modes of evolution, From the outset, the mode of 
punctuated equilibrium challenged the simple Darwinianism ofa ingle model 
‘ofadaptation through natural election. Gould in particular, led the charge, 
reaching back to synthesize strands of theory suppressed by the modern Darwinian 
synthesis with new evidence to argue that evolution unfolded in a erarchy ofevels 
running from the molecule, pene, anues, organs, and organism to the population, 
the species, and the "lade," or evolutionary branch Each levelof the hierarchy 
‘would respond differently to the stimuli of biotic competition and environmental 
‘change. '* With palecotologist Ezabeth Vib, be argued that evolution did not 
unfold through *adaptation,” the sudden development of new, useful netic traits 
When circumstances demanded them, bat through “exaptation,"in which useless 
‘mutations piled up in the collective genetic code until changing circumstances 
‘encouraged their expression in inberitable bodily form. This initiative was part of 
‘wider effort to develop an evolutionary theory grounded in the understanding 
‘ofcomplx systems and emergent structures, and the framing ofa new theory of 
‘evolution based onthe concept of “emergence” rather than “natural selection," 

Dichard defenders of the neo-Darwinian synthesis accused Gould andthe 
‘emergence theatists of the heresy of biological heresies, Lamarckanism. A precursor 
‘to Darwin, eighteenth century French botanist Jean-Baptiste Lamarckhad proposed 
‘hatin certain circumstances changes accumulated in an individuals lifetime could 
‘be transmitted to offspring, and thus that processes of change ther than natural 
selection might havebeen t work In particular, Gould seemed ta have suggested that 
evolutionary punctuation might have involved a proces of change calle “sltation 


‘version of Lamarcks theory that proposed rapid evolutionary changes between 
_Eenertions Following Gould's lad, however, other evolutionary theoristshave 
{taken up the cause ofboth emergent complexity nd of Lamarckian sltation quite 
cheerfully, and with growing bodies of evidence to support them. This work 
Incorporates traditional genetic understandings with thos of “epigenctics" which 
has demonstrated thatthe genetic code s regulated by a complex and fd 
biochemistry and developmental biology, reconfiguring cells atthe embryonic phase, 
Informally tis Fusing of evolution and development is known a “evo-devo"?"In its 
‘more radical form, the new approach argues that natural selection, fr frm being the 
agent of change, isthe means ofrestabiixing and then conserving a new biological 
‘form fist launched ina developmental emergence shaped by Nuctuations in 
‘epigenetic blochemistry. Robert Reid argues fortwo types of such epigenetic 
‘emergences, one involving random mutations and cellular stations occurring 
‘continuously, and another involving critical point emergences” when evolutionary 
‘changes cascade over thresholds. Ech, he argues, i shape variously by ntrinsic/ 
‘endogenous o extrnsle/exogencus conditions Inthe end, however lke exaptatons, 
such evolving features must workin the work Red argues pointedly that Yothrive 
hey must have an emergence quality of unusual utility, or risk new environments, oF 
find old environments that have ben cleared of competition. Thus, the sense of 
physical movement from one environment to another is central to the concept of, 
“emergence” Fundamentally, Reid thus argues, punctuation inthe geogphereis 
<rtical to evolution inthe biosphere: “bological evolution... has needed the 
‘caprlclous clean rweeps of electro-magnetic reverals, plate tectonics, volcanic 
activity, glacation, dehuges, sea-level changes, and the impact of comets and 
asteroids These environmental alterations were pat ofthe substrate of progressive 
‘emergence evolution"?! 

At the core ofthis “ultramodern synthesieof environmental punctuation, 
‘plgenetic emergence, and genetic stabilization les the simple problem of stress 22 
Changes in circumstances create cfferent level of sre, whether they bei 
numbers competing for resources, orn the availabilty of those resources, shaped, 
by the parameters of temperature and moisture that determine cimateand 
‘environmental change Stress reduces numbers and opens the way to genetic drift 
and evolutionary change: the release from stress allows a species toexpand and 
Alourish2? Such understandings underlie the entire punctuational model. New 
Aiscoveries in molecular biology running back tothe 1960, a new and explosively 
towing body of work on “heat shock protein," have begun to vindicate Goulds 
dabblings with Lamarckiansaltation Over the pat decade, thas been determined. 
that heat shock proteins (HSP) work inside eukaryote els to control the effects 
of random mutations, guiding and structuring the way they foldina sequence of 
DNA Under normal circumstances, theheat stress proteins arethe guardians of 
the phenotype, blocking the expression of mutation Thus they may possibly be 
literally the molecular agents of evolutionary stasis and transformation. When 


severely stressed ~in the case of the original experiment thestress vas tempersture 
andthe species frit liee~ the HSP fais to inhibit mutation, and new traits suddenly 
appear, manifested in the folding and mistolding of molecular proteins. Thesetraits, 
‘may emerge inthe developmental - embryonic stages, bypassing the normal 
process of genetic change athe exchange of parental chromosomes. Thus they 
appear tobe something verping on Lamarckian in their operation, an event that 
‘would occur only under the mos stressful of circumstances ** The sequence of 
vents would unfold on these ines: 


‘Sever environmental stress + impact on heat shock protein/mutation 
threshold + 

‘expression of genetic mutations in embryonic development new traits in 
‘populations ~ 

accelerated natural selection for more advantageous traits ~ speciation = 
radiation 


‘This theory is by no means fully established. But iit, the irony willbe that this 
research coming ou ofthe labs once dominated bythe ulra-gradualsts taking a 
‘step toward understanding macroevolution in molecular term,” and vindleating 
the dirty punctuationa fos hunters atthe expense f the white-coatedgradualist 
Jab men who once controlled the high table’ of evolutionary science 


‘Thus the new synthesis argues that evolution unfolds via variety of pathways 
and at wily erratic rates shaped by the interactions of ife forms and the specific 
punctuated history of the platform ofife, the earth self Considerable tensions 
certainly exist within the camp of the new synthesis In their earliest days there 
was a certain dissonance, f nt overt tension, between punctuation and Gala. If, a6 
‘optimal Gata proposed, the earth system optimized conditions for fe, was alsa 
‘lear that the Galan earth system model also suggested that explosive expansions 
fife suddenly drawing down CO; could ead to intense epochsof glaciation. The 
abandonment of an “optimising” Gaia for an “is luenta!” Gaia as gone along way 
toward resolving ths probiem. The blophere has complex mutual influences with 
the geosphere andthe atmosphere, but they never have been in an“optimizing” 
balance 

(Other tensions havenot yet been ressived. Inthe quest forthe uhimate 
‘explanation ofthe forces governing evolution and the earth system, an all-out wat 
continues to rage between the adherents of internally and externally generated 
catastrophes, schools that we might cll respectively the geologist plumbers nd 
‘he astronomer star gazers.At take re the explanatory rightstothe great biotic 
‘transition of thePre-Cambrian and Cambrian, and the more recent mass extinctions 
that have episdieally swept the evolutionary fel for new ecological regimes. 
Geologists studying tectonic and physics ofthe mantle and come have arrived at 
Increasingly sophisticated understandings ofthe workings the internal plumbing 


ofthe earth system and thei roein shaping natural history onthe surface? 
‘Since the demonstration of plate tectonics, the geological plumbers have discovered 
an entire new onder of volcanic stress in earth history superpumer of magna 

‘sing from disturbances in the boundary between theearth’score and mantle 
‘erupt in unimaginable volumes of lva, called continental flood basalts and major 
(gneous provines,emitting climate transforming quantities of CO, and other gases 
and splitting entire contents into fragments. Star gazing astronomers and their 
srological allies keep identifying the sites of potential meteor ar asteroid impacts and 
“developing impressive arguments for their decisive roe in driving planetary history 
‘They have posited massive meteor impacts gouging enormous craters inthe earth's 
surface and blasting sufficient materia into the atmosphere to smother lif forms 
In the mass extinctions. A few brave synthetic voices try to move beyond the battle 
for primacy between voleanist and impactor interpretations toward arguments for 
Interactions and linked role. And yet another line of argument gaining traction 
ses solar and galactic forces interacting with the earths geomagnetic field to shape 
‘earthly climates and environments, 

‘Allo these events unfolded over vast stretches of time vast but not indefinabe. If 
the earth had indeed been geologically statics the mid-twentieth-century “modern 
synthesie argued, this account would be mercifully short lf evolved ~ somehow 
~ driven mechanically by the constant pressure of natural selection The assiduous 
work ofearth systems scientists since thetr own “big bang” three to four decades 
‘go as produced a much more specific story, with specific moments of profound 
‘change, real events ax historians now them. Here I presenta sketch of the emerging 
synthesis paying attention to some of the unresolved debates that drive the 
Sclentifc endeavor, but paying only lip service to the careful stratigraphic analyals 
and sclentifc dating systems that under this eyntheste Suffice ito say the neo: 
catastrophism ofthe punctuated synthesis has ratified the painstaking effort of 
senerationsof geologists to describe the epochs ofthe geological column and hat 
defined the boundaries between them. Ax do the cultural lnyers in archaeological 
ster and the king rts of early recorded history, urns out, there epochs £0 
aruously learned in grade school and high school actually record real history. 
Behind this sequence of names ee the record of real ecosystem and te real rises 
that destroyed them in ancient time past, opening the way tothe neve Life was born 
and has Nourished and suffered with the vagaries of rough woeld. 


APunctuated Earth Systems Synthesis 


‘The essential story tobe sketched here is how the hasiccomponents ofthe eatth 
system geosphere, atmosphere, bydrosphere, biosphere interacted through time. 
[My fundamental assumption is that the punctuated evolutionary thesisisersentialy 
correct Perhaps genetics incding random mutations) and natural selection — 


‘the estence ofthe “modern synthesie" andthe story ofthe Red Queen isthe deep 
running motor of evolutionary change: perhaps it isthe stabilizing conservator of 
‘epigenetic rupture. But without the complex and sometimes catastrophic infusions 
‘of energy from the earths tectonic forces, and perhaps from incoming meteors 
and asteroids, the motor of natural selection would grind toa alt Atwoeminent 
geologists have argued, “without the diving energy provide by the evalving 
plane the biosphere would have entered a prolonged stasis and ultimately faced 
“extinction”? Andi is particularly evident that thee forces were indeed episodic 
and can be described as specific events occurring neal time. Asan historian | 
have been particularly attracted to these new understandings of punctuation 
because historians ~lacking strict theoretical commitments ae attracted to 
complex explanations that progressively tell story unfolding in distinct events 
and relationships through time, i not entirely “contingent” as current historians! 
fashion would haveit. am happy to admit my predisposition inthis ight aan 
historian Iam inherently aesthetically biased toward the messy, inclusive pluralism 
ofthe Goulan scenario rather than the reductionist minimalist vision of wtra- 
Darwinian mathematical gradualism 


‘Underlying this tory isthe question of prime mover-thewtimate source of 
energy nthe global ecosystem Allecosystems depend on lows of energy. Certanly 
the reasonably steady ~ if increasing radiation from the sun the fundamental 
energy sure inthe global econystem, mediated by the chemical layers inthe 
stmosphere. Bat the internal dynamics ofthe earth tectonic convection and 
explosive superphumes and the intersection of the earth with the celestial system 
In the impacts of meteors and asteroids ~ provide second-order sources of energy 
Ariving the global sytem. The relative roe ofthese forces in determining the pace of 
change in that system isa matter of considerable debate. 


Origins: The Hadean and the Archean 


Atits most ancient origin, the earth saw an essential transition from celestial to 
‘tctonic punctuations. Earth history began roughly 46 bilion years ago (BY) ina 
coalescing bal of gases and interstellar matter gathering form and substance from 
an incessant bombardment of meteors tht lasted about 600-800 milion years 
‘before tapering of This was what i commonly Inown as the Hadean, named for 
Hades, the belish underworld of the ancient Greeks, pregeological period nas 
‘much ast predated the youngest surviving rock strata. In amassive early impact 
hitting the earth at an oblique angie at roughly 4 5-4 45BY, material was scoured off 
the emerging earths surface to form the moon Yet even before theimpacts began to 
taper off two processes began to unfold, virtually in parallel 

‘inst, a sorting of heavier and lighter elements began, with iron and nickel 
descending to form the molten core lighter sicstes rising to form the mantle, and 
thelightet gases, dominated by water and carbon dicride venting offtoferm the 


_rimitive atmosphere and precipitating to form primondial oceans. This sorting 
‘process may have been wellunder way quite quickiy, pechaps only 50 million years 
after the lunar-forming impact, butt would have unfolded over several hundred, 
million years, periodically interrupted by recurring meteorite bombardment ¥ 

‘Second, simple organic compounds most important, aminoacids were 
synthesized from inorganic chemicals primarily water, nitrogen, and ammonia. 
Exactly hw this happened is one ofthe great debates, but generally this synthesis 
‘may have begun with chemicals blasted by lightning strikes or stresed by the 
{intensely hot conditions on the earths surface, or at volcanic vents in the ocean loo. 
Anjintense burst of impacts at 3 9BY might have launched this biochemical process, 
‘perhaps even delivering organic chemistry from of planet.” Protecting this early 
fe wasa greenhouse effect of massive proportions Carl Sagan proposed decades 
‘go thatthe early sun at 4 6BY produced 25-30 percent lest radiant eat than the 
‘modern sun, which is warming toward a supernova in the very distant future 
Offsetting this weak sun must have been a huge greenhouse elect provided by CO3 in 
theatmosphere at levels pethaps 100% 3000 times present levels. Overtime, this 
atmospheric greenhouse was reduced as CO; bonded with water and eroded exposed 
rocks in process known as chemical weathering and by life forma that consumed 
(0; and produced other volatile gases"! An earth system of interacting geological, 
atmospheric, hydroepheri, and biological domains was binning to emerge in what 
\sknown as the Archean Eon 

‘The fst inked sequence of geological change and biotic evolution may have 
occurred at roughly 3.5BY (see Figure LF, starting around 3 6BY, a proto- 
continent known as Vaalbara began to form out of denser pieces of the eatly crust. 
‘Vast cicumplanetary oceans would have surrounded this continent. Second, 
\whlle arguments persist about whether microbial life forms evolved frm complex 
‘chemical combinations at exactly this pont, these would have been carbon 
‘consuming, methane-producing, single-cell organisms known ax protaryoter and 
archaeant. 

Pethaps the gradient of deeper and shallower waters around this continent shaped 
the environment fr these ealy life forms In any event, these early organisms 

seam tohave emerged some time during this period and gradually shaped the ently 
stmosphere, drawing down carbon and replacing with methane. Thererult wasa 
roughly equal exchange of greenhouse gases inthe earliest atmosphere, which had 
‘been warming surface temperatures since the frst outgasing ofCO,, offeetting the 
relatively low radiation coming fom the coal young sun. 


‘The Archean/Paleo-Proterozoic Crisis 
“These processes were the prologue tothe fst great global bio geo atmorpheric 


‘ral unfolding between 2 7BY and 28Y and bringing the end tthe Archean age 
‘of methane-emiting prokaryotes and the nset ofthe Proterozoic agecf oxygen- 


‘emitting eukaryotes, Primitive plate tectonics had begun tn operate asa boiling 
‘convection ofthe early magna ocean settled into a tw-layered sytem consisting 
‘ofa core and a mantle A primary convection operating within the core continued 
the primal sorting oflighter and heavier element, while «second convection drove 
‘currents in the mantle powering the enliest oceanic nd emerging entinental 
lates. 

‘Ina revolutionary new understanding of the dynamics ofthe earths core, 
bullding upon but quite distinct from the theory of plate tectonics, geologists have 
several theories that explain how these routine” two-level patterns destabilize, 
Allowing massive superplumes of magma tocut from the core through the mantle 
‘and to erupt onto the earth’ surface in vast volumes of basalt ava and clouds of 
0; Inone model, slabs of oceanic pate subducted into the mantle finally rupture 
the boundary between the mantle and the core, setting off plumes of magma that 
eventually find tele way tothe surface. In this understanding, the deep avalanches 
of subducted plate, forming vast subterranean slab graveyards cause downwellings 
ln the mantle that act 0 pull together continental fragment onthe earth surface, 
which combine to form supercontinents.* The second scenario revolves around the 
deleate conditions along the core-mantie boundary know asthe Dlayer.In this 
‘mode, the lighter elements convected up and away from the inner core accurate 
lke sand dunes along the interior, conwex surface ofthe D” layer. Every soften, 
there piles collapse, causing magnetic reversals in the geodynamo operating inthe 
earth core. Tha largest slides burst the core-mante boundary and vend ruperplumes 
‘moving slowly through the mante toward the surface. Meteor impacts, erpecally 
‘oblique ones, may send shock waves through the earth, setting off the largest ofthese 
sediment collapaes along the D” layer”? 

Whatever the fundamental cause, which remains in considerable debate, the 
frat ofthese super-events had its deep origins around 3.0-2.7BY, driven by the fist 
avalanche of crus slab through the core-mante boundary, according to one analysis, 
“The erult was centuries or millennia of massive eruptions of voleanic material 
snd an accelerated formation of continental crust forming the supercontinent 
Kenoeland.™* 

‘These geological events at the Archean Proterozoic boundary seem tohave driven a 
fundamental bitic break, though there are several competing interpretations of the 
‘events. Both are “punctuation but oneis Gan andthe other tectonic. The Galan 
argument, fst proposed by ames Lovelock, argues for catastrophic interaction 
‘between the atmosphere and eal fe forms. Where methane-producing microbet 
‘dominated the Archean reas, james Casting and others argue that 2.7BY saw the fist 
sign of new kind ofife form, the eukaryotes (see Figure 1) The eukaryotes were 
“composed ofa symbiotic combination of various types of prokaryotes and acheans 
‘combining together into anew nucleus bearing organism, frst under the stress of 
the Archean tectonic crisie and then ae condition of their own making changed”? 


Prokaryotes had developed photosynthetic means of converting solar energy, but 
‘the new eukaryotes evolved anew water-spliting mode of photosynthesis that 
‘produced oxygen, not methane, as abyproduct. Such was the beginning ofthe Great 
‘Oxidation Event. 

‘With the accumulation of significant amounts of oxygen in the seas and 
stmosphere, the fir results were catastrophic Oxygen proved toric tothe 
prokaryotes, and those that did not enter into the new eukaryotic symbiots 
‘were driven ino shrinking anaerobic environments Oxygen also doesnot have 
the greenhouse properties of methane, which was dropping precipitously asa 
‘component of the atmosphere.° It may be that there also was an accelerated, 
drayown of atmogpheric carbon by way ofthe chemical weathering of rock surfaces 
which CO; in rainwater and snow is hound with slicates and deposited in the 
‘cans ~ further contributing othe waning ofthe primal greenhouse, With oxygen 
rising and CO, and methane alin, the greenhouse elect that had warmed the 
‘pot-Hadean earth, compensating fora weak young sun thinned out disastrously. 
‘The outcome was the fist series of major glaciations at 2.45-2.20Y,formingon 
the nurface ofthe supercontinent Kenotland, or on it riftng fragments, In some 
accounts, this wat a“mowball earth event” with the entire globe covered with ie 
others doubt the spread of glaciers to equatorial regions” 

‘The Lovelock: Casting interpretation ofthis Paleo-Proterozic criss canbe called 
“Galan punctuational because, this thesis, therse of the eukaryotes dives the 
first increase in oxygen. An alternative model can be called “tectonic punctuational” 
‘because it argues a massive burial of carbon withthe tectonic crises of 2.7-2.28Y 
‘nused the oxdation event, which n turn facilitated the emergence of eukaryote 
symbiots" In ether scenario, however, a fundamental relationship developed 
between evolutionary processes and the energy ofthe earth tectonic system 

‘This was one ofthe few great punctuation inthe Precambrian record and it wat 
fallowed by along period of relative quiet, exentially a Gouldian evolutionary sas. 
‘Thenex bilion anda half years or so comprised the great age ofthe eukaryotes, 
In gradual transition from singe to multicellular forms, combining in thick mats 
called stromatoltes in oceans where only the surfaces were significantly oxygenated, 
Besides the stromatolite mats, very small jllyfsh-like multicellular organisms 
have been found in Gabon dating to 2 1BY, early and so-far lonely precursors of the 
‘comple life forms that would multiply abilion and a half years later ** But this 
‘was an epoch of profound stability, sometimes calle the “boring billon- without 
the driving force of superplume tectonics the evolution of ifeon earth might have 
“stalled and eventually fizzled out © Geologists find two superplume-supercontinent 
‘les during tis long period one starting at roughly 1 9BY with the agregation of 
‘the supercontinent Columbia (or Nuna) and the next at 1 2BY with the forming of 
‘Rodinia. The consolidation and then rifting ofthis supercontinent was bracketed 
by the huge Vredfort and Sudbury meteor impacts, suggesting the possiblity of 


‘celestial role inthis geological cycle The formation of Columbia may have in some 
way shaped the rise of oxygen in seawater, allowing an accelerated evolution of 
the eukaryotes. Work in regions around the globe is inding fosil and molecular 
‘evidence for the emergence of small but complex “bilsterian” worm-ike forms at 
sound 1.2BY, around the time that the supercontinent Rodinia began to assemble, 
Potentially, critical diversification in the direction of modern phyla occured in 
‘these intervals and it appears thatthe first colonization of land surfaces by fungi, 
rmottes, and liverworts occured atthe time of Roinia ” But these Proterozoe 
supercontinent cycles simply st the stage forthe crisis that fllowed, running from 
the end ofthe Neoproterozoic through the Cambrian, roughly 800 million to 500 
rillion years ago, which brought the second major risen atmospheric oxygen and 
the explosive emergence of complex hard-bodied, macroscopic life forms, 


‘The Neoproterozoic Crisis and the 
Cambrian: A Snowball Earth? 


“The second major bio-geo-atmospheric crisis in the earth system ~the Neo- 
Proterozoic Crists~began with the breakup ofthe mupercontinent Rodina, which 
began tori apart approximately 800 milion years ago (MY), riven by a massive 
south Pacific superplume see Figure). At the same time as thiscontinental 
breakup oxygen levels inthe atmosphere rose again (and may already have been 
rising). The result was a series of intense glaclations, at least three and possibly fou, 
‘between 735MY and S8OMY. Atleast two ofthese glacations might have ben global 
Inscope,freering the entire earth intoa snowball of ice, though "thin ce" and 
“stushball models are bepinning to emerge-*® Between each of these ce ages, the 
arth warmed ino intense greenhouse conditions that further stressed life forms, 
“which eventually ourished in blooms of productivity. The causes ofthis 200- 
rllion year-long whiplash of climate are under intense debate, particularly ts 
‘beginnings following the breakup of Rodinia. One proporal is thatthe eatiest 
‘colonization on land by algae and fungi from .2BY reduced atmospheric CO, via 
‘weathering while contributing increased cxygen.*® Another argument focused on 
Rodina location in equatorial waters anc propoted thats runaway scat 
Weathering, stripping CO; from the atmosphere, was driven by this equatorial 
location (in recent Pleistocene times continental landmasses covered the ples, 
limiting the extant of the glaciation) Researchers have suggested that an unrelated 
change in the sulfur content ofthe Proteroesicoseans -or an escape of hyrogen into 
space-played a role in driving the rise of exygen Guring thistime ** In any event, the 
‘lacations would havebeen working gains the rainof therifingof Rodina, which 
‘must have been generated by superplumes rising from thecore, and certainly was 
accompanied by volcanism * Ae Paul Hoffman and hie team proposed, this moval, 
‘arth punctuation scenario, with these competing systems working against each 
‘other ina series of overshoots may also have had aGaian element Aseach cycleof 


_lobal glaciation reduced life forms to small groups of survivors allopatric selection — 
and perhaps the operation of tress effects such athe masking of heat chock proteint 
~rove the emergence fnew species Lifewas driven through aseries of very narrow 
_ genetic bottlenecks lading to explosions of productivity in par feeding onthe 
‘ouds of CO; generated by the superplume volcanoes that cyclically broke the 
‘lacations*” 

‘While the entire snowball earth scenario remains under considerable debate itis 
‘ear that something happened: over a period of 200 mullion yeas the global system 
seesawed between cehouse and greenhouse conditions oxygen levels rose, COs 
‘declined, and biotic life was suddenly transformed. During the Cambrian era that 
followed these placation-greenhouse sequences (and the brief existence ofa small 
‘upercontinent, Pannotia) animal and plant life jumped from microscopic single 
‘and multicelfuar forms to relatively large, differentiated entities, many with hard 
‘bodies. Mort important for the earth system, an explosion of burrowing worms 
began to disturb ocean sediment, churning up carbon deposits that hithertohad 
been permanently withdrawn from the earthy cyte, ensuring that the extreme 
‘overshoot ofthis Neo-Proterooic crisis (and ofthe eater Paleo- Proterozoic cris 
(0f2.7-2.28Y) would not be repeated. Biotic life had survived and had fundamentally 
boen transformed by aGouldian macrovolutionary punctuation and was now 
fulting one of the premises of Lovelock’ optimirng Gal: the earth system 
‘would bea much more mature stable entity moving forward from the Cambrian 
‘explosion. would alo bea far more complexplace. Oceanic life diversified willy 
‘during the Ordovilan and Siturian, and plant life began to spread onto continental 
surfaces, forming massive forest in the Devonian, hosting complex communities of, 
Insects and amphibians, 


Phanerozoic Super-Cycles —and Biotic 
Extinctions and Escalations 


(With the Cambrian, starting at SGOMY, we enter the Phanerasoi, which 
encompasses a*modera epoch in a maturing earth system (see Figure 2), 
Increasingly through this epoch thee isa clearer and clearer geological record 
‘because less of this younger ocean floor has been subducted into the mantle. Oceanic 
and atmospheric chemistry was roughly similar to contemporary patterns; if 
forme diversified into ll of indeed more than the modern assemblage and the 
tectonic-limate interactions setled into a stale pattern This isnot to say that this 
‘was not stil ough earth, but come ofthe wilder edges had been rubbed of, and 
‘variation would be wl nse the extremes of the Haean, Archean, and Protercooie. 
‘Without wanting to sound too teleological there are grounds toarguethatasit 
‘progressed through ime the Phanerozsc earth system became increasingly diverse 
and resifieng, increasingly Gatan nits selt-equilbrating efficiency. But such qualities 
‘unfolded within the bounds ofthe supercontinent cycle, continuing to operate 


‘oughly on the terms that t had sincets origins in the Archean. This super-cyle 
shapes the grand outlines of an osclating global ecology marked by well defined 
and sharply contracting epochs of Greeshowse and cehoute conditions © And riding 
‘the wave of the supercontinent cyele was a series of mass extinctions followed by 
‘equily dramatic biotic recoveries and evolutionary “scalations” At stakein titanic 
struggle among geologists the prime mover in these profound punctuations in 
‘loba earth systems. 

First an overview ofthe super-cyles. Overall running back othe emergence of 
Kenorland inthe Archean, there seems to have been a total five ofthese super 
«yeles in earth history, though their periodicity and dynamics differ somewhat. 


Supercontinent Dates Forming Dies Ring __Periad of Ring 


Kenorland 2.7008 S48-2,100MY Archean Paleo Proterounic 
Golambiar Suma vyhoo-haceMY Paleo Proteronaie 
Rosa hree-seoeMY SyonsucMY Mew Prater 
PangotiaNendia 6o0MtY s4oMY ‘New Proterazoi-Cambrian 
Pangea soejooMY —_oewtoMY —__Jraise-Cretaceous 


‘Over the 600 mlion years since the end ofthe Neo-Proterozoc (In a period called 
the Vendlan), two complet cycles of aggregation and rite dispersion of continental 
plate have taken place. The supercontinent Pannotia formed around 600MY and 
quickly rifted in the ensuing Cambrian around S4OMY. The next supercontinent, 
Panguea began to aggregate at about 4008, at the bepinning of the Devonian, and 
was fully formed by 300MY, during the Pennsylvanian erat the Carboniferous. 
Panguea rifting began withthe massive superplume eruptions atthe Triastic- 
Jurassic boundary around 200MY that began thelong opening ofthe Atlantic 
‘Ocean, with inal rifts appeating during the early Cenozoic around 6$-6OMY. Over 
the past $0 milion years, the continents have been reagerepating toward anew 
supercontinent that will not be fly formed until tens of milions of years from now, 
‘but the assembly of which can be mesrured most dramatically in the long seismic 
region running from the Mediterranean tothe Bay of Bengal, where the Afican and 
Indian plates have been colliding withthe Eurasian plate since roughly $5 million 
yeas ago, and where devastating earthquakes have been a regular occurence since 
before the bepinnings of recorded history. °° 

‘These sequences of continental aggregation and rifting had immediate causes in 
the earth tectonic shythm. As suggested previously, there is substantial consensus 
‘among geologists thatthe supercontinent cycles driven by enormous superplumes 
Hsing from the D” layer atthe boundary between thecore and the mantle Broadly 
speaking, wo cycles seem to appear in superplume activity, as reflected in the age 
‘of mafic" volcanic rock one roughly at 30-mlion-year intervals the other at 275- 
‘milion-year interval! While the shorter cycle resulted in period ofenhanced 


‘vleanic activity and iftng. the plumes at the275-milion-year intervals were 
the supercontinent busters, converting routine double layered convection of 
‘rust, mantle, and core into a single system, with superplumes rising and breaking 
‘through, leaving enormous food basalts and igneous provinces inthe geological 
second. 

‘These events - specifically therifting of Pannotia st S4OMY and of Pangsea after 
‘200MY - shaped two extremely warm Greenhouse epochs, lasting 150 milion years 
‘snd 90 milion years rexpectvely># (see Figure 2), Vast eruptions would have 
Injected huge amounts of CO, intothe stmosphere, perhaps in explosive pyroclastic 
flows, and they may also have released sudden massive injections of eas hydrates 
Inthe atmosphere, driving runaway greenhouse effects. ** Well before they broke 
through the crus, superplumes would have lifted enormous sections of continental 
plate. While they remained active, these upwellings ~as they iftedthe continents 
tnd formes new ocean ors - would have driven a sequence of oceanic “regression,” 
‘asthe continental plate rose and okt ocean flor sank, and then “transgression,” 

‘as bulging, active, new oceanic ridges raised the floor of emergent oceans and 
pushed water onto the newly rfted continental surfaces. «These were the exsetial 
‘conditions ofthe Greenhouse epochs ofthe Cambrian-Siurian (545-400MY) and. 
the furassi-Cretaceous(200-65MY). These were extremely warm eras, with tropical 
‘ortemperate conditions typically extending tothe poles, caused bya greenhouse 
effect of the heightened CO; outgassing from oceanic ridges, continental margins, 
and plume-erupted flood basalts. The configuration of continents and oceans was 
Important as well Therifted and dsperted continents opened passages inthe 
‘hallow oceans running around the equator: shallow waters circulating around 
the warmest section of the earth further contributed tothe general warmth ofthe 
Greenhouse periods 


Conversely, the depletion of upwelling plumes and the aggregation of new 
‘upercontinents(Pannotia, Pangaes, and the presently emerging future 
supercontinent) reversed the cycle, driving the earth system into anleehouse 
Plume activity sete into ocasional eruptions at hotspots (uch at Reunion Island, 
the Azores leland, or Hawai) and oceanic ridges settled somewhat. The carbon 
Injected into the atmosphere and biosphere tented toward deposition and burial. 
‘The weakening ofthe upwelling plumes allowed the countervailing ownvwelling 
forces of subducted crustal labs - whose avalanches puncturing through the core 
‘mantle boundary may have caused the plumes in the rt place—tobecome the 
dominant tectonic force, palling continental fragments together toward events] 
_superrontinents. These aggregations had two effects that then further cantributed 
‘tocooling First, the assembling continents destroyed the shallow seawaye running 
along the equator, shutting down the warm equatorial seaways and encouraged the 
emergence of deep-running north-south oceanic current systems ike the modern 
Gu Stream. Second, the collisions of continents raised high mountain ranges of 
young roc, which both reshaped the low of wind and weather and accelerated the 


stripping of CO, fom the atmosphere a this newly exposed rock epidly weathered. 
Because the oceans were deeper, se levels were lower, and they fell even further as 
_laciations lacked up water atthe very depths ofthe Icehouse *= 


‘The simple effect of transitions from Greenhouse and Icehouse would obviously 
have profound effectson global ecosysteme The warm temperatures vast shallow 
seas, and disperse, low-iying continents ofthe Greenhouse eras would have hosted 
1 great cversity of tropical communities of species, perhaps highly specialized 
and localized. The rifting of continents would have multiplied the evlutionary 
‘opportunities through founder effects f geographical isolation, argued in Mayr's 
‘theory of allopatric speciation. As the tropics do today, Greenhouses indeed saw a 
‘mastive escalation in evolutionary diversity. ehouse conditions would have 
been more conducive to les- specialized, more migratory species. Greenhouse 
‘ecologies might have been more given toa Galan stability Ioehouse ecologies less 50, 
Greenhouses with few annual extremes and weaker oceanic circulation, also saw a 
ester accumulation of dead plant matter. The world reat oil depoits come from 
the metamorphosed sediments of shallow Greenhouse eas, most important the 
‘eat equatorial Tethys Sea that once stretched from the present-day Mediterranean 
‘to indonesia. The great coal deposits are the result ofthe burial of huge forests in 
the Devonian and Carboniferous; the spread ofthese forests arguably accelerated 
the descent into the Pangaea! cehouse by an out-of-control tripping of CO, from 
the atmosphere” Enhanced oxygen (as much as 35 percent of atmospheric gases) 
produced by the Carboniferous forests may have spawned huge insects, but CO; 
‘rathed in the descent into Pangaea! feehouse conditions, sotoo id oxygen levels, 
Dinosaurs may have evolved highly efficient lungs uring these low-oxygen (10 
percent conditions an then the return toa high CO;-high oxygen environment 
‘may have contributed tothe subsequent rise of mammals - with thet less efficent 
hungs 


‘Mass Extinctions 


‘Carly the changing environmental conditions that flowed from the supercontinent 
cys and all ofits increasingly intriate consequences were driving evolutionary 
change. This was not simply random change shapediby the wanderings of 
continents, but patterned ecosystems moving withthe vast brand lows ofthe 
Teehouse and Greenhouse cycle But, hypothetically these shifts might have been 
{ust too smooth and slow: in thelong slow trantions fram ane state to another, 
spicie might simply migrate ahead ofthe changing climates. Bu the reality is 

that the pace of evolutionary change was not smooth and slow. The work of ohn 
‘Seplosii and David Raup has demonstrated that it was marked by enarmous crises 
followed by sudden accelerations? There were at leas five moments in Phanerozoic 
[latory when gret crises caused macs extinctions, and a numberof other periods 


also saw elevated extinction, Conversely, extinctions were fllowed by escalation, 
when the open ecological space lft by extinction was filed by newly evolved plants 
and animals ®° Ths the great extinction atthe end ofthe Permian decimated. 

‘he Paleozoic species and opened the way forthe escalation of Modern forms; the 
[Modern escalation was interrupted by the KT extinctions andthe subsequent 
‘sappearance of most forms of dinosaurs exept for birds In layman's language, an 
sage of amphibians gave vay to an age of reptiles, and tht toan age of mammals and 
birds "Iisa these extinction boundaries that geologists have gathered to strugzle 
‘over an ultimate cause, the prime mover: earthly volcanic plumbing, incoming 
‘meteors, or perhaps showers of cosmic rays coming in from the galaxy. 

Fist, we need the rough outline ofthe extinction story. There isa very general 
relationship between the mass extinctions and the ebb and flow ofthe Iehouse~ 
Greenhouse cycle, The last three turns ofthe lehouse-Greenhouse cyte ae 
roughly associated with waves of extinction the KT extinction, thee major and 
lesser extinctions inthe rifting Jurassic, nd extinctions in the Late Devonian see 
Figure1L2) Others do not quite ft. The Permian extinction occurred in the midst 
‘ofthe Panguelleehouse, and marked no major change in global meta-cologes, 
Similar, the Ondovician-Sdurian extinction occurred inthe midst ofthe Paleotole 
Greenhouse caused by an oddball continental glaciation, when Gondwanaland 
drifted over the South Pole. The other thre Phanerozoic major (and some mio) 
‘mass extinctions are up for grab, and their causes have been the subject of intense 
debate for several decades 


‘Though extinctions were the original markers that determined the boundaries 
between geological periods, interest n thet scale and periodicity emerged in the 
late 19605 and intensified in the easly 1980s with the announcement ofthe Alvarez 
Impact thesis. © After work through the 19706, geologists David Raup and John 
‘Sepkoski published a pivotal paper in 1082 arguing that extinctions followed a cycle 
of 26 milion yeas, and within two years Alvarez had teamed up with Richard Muller 
to argue that there were major impacts of metsces or asteroids every 28 milion years, 
riven bythe efects ofa hypothestnd solar twin - which they named "Nemesis" 
‘moving in an eliptcal orbit around the sun and periodically dlarupting the “Ooet 
Cloud” of comets, sending massive objects through the solar system? Whilethe 
“Nemesis theory” hasbeen discredit, a periodicity of 26-30 million years does 
keep reappearing in extinction patterns, andi is now understood that impacts area 
‘real possibility inthe relatively recent part Studies of microscopic glass spheruler 
[ntunar sol formed in the explosive impacts of meteors or asteroids, indcate that 
lpacts declined steadily from the era of Hadean bombardment ts alows running 
from about 2 SBY progressively toa trough roughly encompassing the Cambrian 
epoch, 800-4OOMY, and then suddenly surging uptolevels inthe past 400 million 
_yearsnot sen since sbout 38Y.° Adherents ofthe impact schoo focus on this 
‘recent stretch of Phanerozoic time, and in addition tothe famous Chiculub crater 
Aiscovered in 1990, which seems tomatch up with Alvarez iridium layer and the K- 


‘Thoundary at 65MY, they se impacts linked with the series of boundary extinctions 
at the end ofthe Devonian (3593), possibly the Permian (251MY), the Triassic 
(200000, and the Jurassic (145M) epochs 5* 

‘The terrestrial” school, skeptical from the beginning, was hampered by the 
Inherent drama ofits opponent’ image of an instant apocalypse,conjured up by 
the lash ofa "deep impact” tearing into th earth, sending massive quantities of 
pulverized rock and soll into the atmosphere, blocking out the sun, and sending rank 
‘upon rank of photogenic dinosaurs to their doom However the terrestrial shoal 
has advanced a series of telling critiques: the iridium layer isnot an absolute marker 
‘ofthe KT boundary, but varies from place to place, andis often found in some 
‘quantities before and after thelineIthas even been argued that it isnot necessarily 
an absolute sign of exraterrestral origins, but can occur under certain intense 
volcanic conditions tthe KT boundary, it now appears that the only indications 
‘fa total and immediate disaster are found in an impact spray zone north of the 
‘Yucatan in North America rather than having uniform worldwide effets, And, more 
Important, mas extinctions especially atthe K-T boundary ~began well before and 
extended well after the dated point of impacts, uggesting a much more complicated 
scenario.” This scenario centers on the regularities ofthe earths tectonic plumbing 
and on the problem of how disturbances to the volatile layer atthe boundary 
between the cre and the mantle send hot plumes up toward the rurfae ofthe earth, 

Axthis pint, strong consennus i emerging that superphumes and the ecological 
Impact of massive volcanic eruptions are fundamental inthe ebb and flow of 
extinctions since the Cambrian * One important analysis, done by Anthony 
Hallam and Pau R Wignal argues that extinctions occur at moments of rapid 
sea love change, most often in earthly “hiccups,” a sea level first falls and then 
ees, driven frat by the lifting of continental plates by rising superplumes, and 
then by ther rifting and subsidence. As the continental surfaces subsided (and in 
an ensuing epoch of seafloor spreading from high, hot oceanic ridges) asurge of 
“anoxic” deep ocean waters flooded continental edges and surfaces, rapidly killing 
entite communities of if. The sudden spread of tvasve species at these marine 
transgressions may bea corollary tothe Hallam-Wignall supercontinent-hlecup 
theory** competing scenario, focusing on the Permian Triassic crisis at 250MY, 
argues that devastating “plume winters" zhut out sunlight for perhaps millennia, 
Iaunched by a double plume event. Rather than the Yucatan impact, many would 
‘point to the superplume eruptions that formed the Deccan food basalts in southern 
India as the diver of thelonger run ET extinctions 7° 

‘Thecauses of the D” layer disruptions that resulted in these catastrophic surface 
outcomes are the subject ofconsiderabe debate Among the tectonic" school are 
advocates of drivers onthe surface rin the core, Some stress the subduction of 
Slabs of oceanic plate down through the mantle to“slb graveyards on theD" layer; 
others stress the convection of the fs molten outer core ae lighter and heavier 


_lements continue to separate, fueling an earthly dynamo of electromagnetism. Both 
arguments connect periodic reversals ofthe earths magnetic eld with the” layer 
<isturbances and the rising of superplumes In this line of thinking, the ultimate 
‘are of extinctions would be inked tothe pulsing of the earth’ electromagnetic 
.gso-dynamo and to the irregular capabilities ofthe D" layer to contain the volatile 
‘laments rising from the core. Strikingly, superchrons" of ens ofmillionsof years, 
In which there were few if any magnetic reversals, preceded the great extinction 
breaks ofthe Permian-Triassic and F-T boundaries that bracket the lang Mesozoic 
Greenhouse In these geomagnetic calms, plume activity was minimal and biotic ife 
‘onthe surface stabilized, and then the earth was shattered with sudden magnetic 
reversal, the bursting ofthe D" layer, the ris of superplumes, and theriting of 
artis surface7* 


isa testament tothe superplume-geomagnetic synthesis that thas been 
assimilated by Wiliam Muller, Alvaer associate in the erly impactor arguments, 
‘wo recently has suggested that some perhaps thelargest-of the plume emitting 
‘isturbances ofthe D” layer are et off by asteroids hitting the earth at oblique angles, 
‘ending resonant waves through the earth, and plumes then rising tothe rurface,72 

‘The superplume theories sem compelling: the impact theorit intriguing. These 
are eing challenged, or perhaps supplemented, by the advocates of another celestial 
force. Ths leads us out tothe galaxy, the By Way, where dying supernova emit 
cosmic rays that impact the solar system. Asithite the earth atmosphere, this ux 
of commie rays s modulated by solar activity and by the earths geomagnetic fl, and 
the combined effect has been shown to vary clotely with the formation af low-level 
‘loudness. The galactic generation of cosmic rays varies on several periodicities, one 
of which may be epochs of tar formation: ts advocates argue thus that two peaks 
and along ull tar formation explain the hyper glacial Paleo-ané Neoproterozoic 
"Snowball Earth episades bracketing the lng stability of the Proterozoic age 
of eukaryotes. The cormlc ray theorists then argue that episodes of continental 
saciation over the past bition years has been regulated by the earths passage 
through the spiral arms” of the galaxy each of which raises the fuxof cosmic ays, 
generating epochs of cousiness,coling, and even glaciation. Over the past half 
bilion year of the Phanerozoic, the earth and the solar system have passed through 
various galactic spiral arms roughly once every 140 million years, each roughly 
«coinlding with an epoch of continental placation. These galactic events would have 
ridden on top ofthe supercontinent cyte, reinforcing each of the cehouses and 
interrupting the Greenhouses with a shorter co epoch 7> 

Isat points such as this thatthe outside scholar neds to step back and renew his 
oc her skepticism, wondering ifthe struggle over extinctions has become something 
ofa competitive game of one upmanship among ts players Butitisoutofsuch 
confrontational competition that science advances toward an increasingly finely 
‘tuned consensus. While it is tempting to lok fora single “prime mover,” changer 


in earthly environments and the resulting modeling and driving of biotic evolution 
have tobe seen as coming from multiple sources. tis, however, fundamentally 
Intriguing to consider the geomagnetics of the core éyname, thecyces of slabs and 
plumes falling and rising through the mante, the movement of continents, solar 
activity, waves of meteors, and galactic cosmic rays all acting to shape patterns of 
‘imate change on the surface of theearth. 

‘But the overalllesson should be evident: while the debate about ultimate physical 
‘causes continues, the evolutionary picture i taking new form, Pather than a 
“desperate endless race for survival bythe mad Red Queen, the impulsive Court Jester 
‘occasionally takes center stage, working hardin great bursts, while in the intervals 
the Red Queen may simply st around and enjoy life Such would seem tobe the 
best interpretation of the evidence from the geological archive, shaping the new 
‘ultramodern” evolutionary synthesis. While constant background of incremental 
evolutionary change has been operating through time, there have been dramatic 
‘moments of criss, cllapee, and acceleration in the actual history ofthe evolution of, 
life, bottlenecks through which small surviving populations have emerged in new 
forms to perpetuate lif fn new eclogical configurations, Whatever the exact cause, 
‘the sequence s clear: bursts of evolutionary change fellow profound environmental 
crise through the long history of the evolving earth system, 

‘Therest ofthis ook is centrally concerned with waysiusman culture hae rruggled 
with natural punctuation inorder to preserve and expand human population. 
{Darwin's rlentessgraduaiism hasbeen found wanting sot00—largue—has 
Malthus atleast forthe run of history up tothe edge of our modern circumstance. A 
single ecological model of cumulative change through recurring cycles of expansion, 
stably crits, and adaptive renewal emerges from the paleo-ecordof earth history, 
and can describe the path of humanitys subsequent rough journey." This is where 
‘we tur in the following chapter. 
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174 Here wil be aligning evolutionary theories of punctuation and emergence with 
parallel theories of esitience and adaptive renewal. Fora full view, se Lance H. 
Gunderton andC.S. Holling eds, Panarchy: Understanding Transformations in Human 
‘and Natural Systems (Washington,DC, 2002). 


2 Human Emergence 


Inthe longrun from 60 milion yeas ago to 60,000 years ago, the global uper-cycle 
‘moved from Greenhouse to leehouse, rom a warm, carbon-tich world in which ferns 
‘ew and dinosaurs grazed athe earths polar extremes toa cold carbon-depleted 
‘world, where a new humanity stood on dry equitoril African shores onthe edge 
‘fa global colonization lending to our very recent past. For decades, ithasbeen a 
‘central tenet of evolutionary studies thatthe human condition has its origins in 
this inexorable march into Icehouse conditions. Prehuman and human history ver 
the past 15 milion years ha a fundamental lationship to specific tectone events 
and the regular oselations of glacial climates: as Steven Stanley has putit, Weare 
“children ofthe ce age"! More precisely, we are the children ofthe ice age tropics, 
‘overtime venturing into the grasslands and tundra bordering the ce tse, And it is 
sway a shockto realize thatthe entirety of agriculturally based human civilization 
has unfolded in a brief 10,000-year interval embedded within thislong sequence 

of placation, which in tur ies a the bottom ofa 60-malion-year descent nto an 
leehouse epoch. The chapters fllowing this ook with some care at this brief 10,000- 
_year history. This chapter charts the global tranition from Greenhouse tolcehouse, 
and then examines the emergence of humanity through the worst of the current 
Ieehouse, between the divergence of bipedal human forbears from the arboreal great 
apes roughty 6 milion years ago and the colonization ofthe entire world by modern, 
human societies in the ast phase of the Pleistocene ce ages 


‘As we move closer tothe present, the question of vast and almost unimaginable 
transformations inthe earth syster gives way to more rubtieosilations and the 
‘roblem of the emergence of new ordersof biota gives way to the prblem of survival 
of one particular species. ological evolution starts to sharethe stage with cultural 
‘evolution. Ifbiota and earth system are inherently coupled humanity and earth 
system have been progressively decoupled inthis emergence ofthe workings ofthe 
‘human mind. This decoupling was limited and constrained; humanity has never 
‘been abl to escape the Court Jester and the threat of punctuation by environmental 
forcing. Nature acting in patterns well within the framework propose by Stephen 
Jay Gould and Niles Eldridge, did not et up its grip. But increasingly -and most 
specifically under the tress ofthe Pleistocene culture began slowly to release 
‘humanity from the tak pathways of total extinction or genetic bottleneck The 
ifference isin part inthe sale, if not the absolute qualities, ofthe environmental 
stresses at work And in part thediiferences lie in the new capabilities for 
‘communication, problem solving and creativity thatthe youngest primate brought 
tothe struggle to surviveina rough world. 


Into the Cenozoic Icehouse 


Before we can begin to introduce humanity, we briefly must describe the word that 
produced humanity, I we are“children ofthe ce age" we need to understand how 
this “ce age" came tobe. As much as wear children ofthe ice age, that ie ages the 
‘culmination ofthe long super-cyelical cooling from Greenhouse to Icehouse that 
separated dinosaurs in the Mesozoic Arctic from modern humans onthe shore of the 
Pleistocene Red Sea 


‘The gradient of ecological change from ate Mesozoic Greenhouse to Cenozole 
Teehouse was by no means as steep as that separating the Paleosoic Greenhouse from 
the early Mesozoic lehouse. tn this erlersuper-yclicl transition, the Paleozoic 
rise of early forests and forest sols combined with the slowing of tectone rifting to 
‘depress CO, concentrations from perhaps 6 000 or 8,000 parts per million (ppm) at 
{600 mition years ago (MY) to pethaps 200 ppm at 300M, Inthe ensuing Mesozole 
Greenhouse, COs may have reached high of about 3,500 ppm before it began to 
‘ectine around 120 milion years ago. By the ime that an asteroid hit the Yucatan 
st 6SMY, tis decline in atmospheric CO, ~with coresponding declines in oxygen 
may have already contributed tothe extinction of many ofthe larger species of 
‘inoaaura After the Yucatan impact, CO; levels and temperatures rove again asthe 
‘North Atlantic rion around lean rifted, reaching final peak tthe explosive 
‘thermal maximum” atthe beginning of the Eocene, around SSMY, asa super-plume 
ruptured the growing Atlantic at feland see Figure). This was followed bythe 
first of four distinct and sharp shifts toward cooler and dryer temperatures, st 
‘luring the mid-Eocene, then a the beginning ofthe Olgocene at 34MY, the mid- 
Miocene t 16MY, and finally during the Piocene andthe Pistocene around 5 
million years ago. Frm the late Eocene into the etl Oligocene, this global cooling 
‘was driven by a plummeting atmospheric CO;, which fl fom about 3,500 ppm to 
00 ppmin S milion years, asthe long Mesozoic Greenhouse ran out of steam, rifting 
and volcanic activity slowed, ocean ridges deflated, and ses levels receded. At this 
transition tothe Oligocene 4 milion years ago, CO; fll below roughly 350 ppm, 

‘a majoe factor in the beginning of continental glaciation on Antarctica In pushing 
(CO; above tis critical threshold inthe past century, as cimatologist James Hansen 
has stressed, we isk the catastrophic reversal of the human-riendly condition of 
partially glaciated work * 

‘A second factor -the ectnically driven repositioning of continents and seas 
began to play a more significant roe in the Oligocene as the decining CO; 

ofthe reversing super-<ycle reached a key cooling threshold. At 34MY, open 
seaways emerged to separate Antarctica from South America and then from 
Australia establishing circumpolar ocean currents inthe southern hemisphere 
that accelerated global cooling. Along the equatnr, this nortinward movement of 


southern hemispheric continents drove the clocure of warm shallow equatorial 
seas and passages having a similar cooling affect, asd the associated uplift of 
‘new mountain ranges. Most important, the Indian subcontinent had been onthe 
‘movenorth since the massive “food basalt eruption forming the Deccan food 
‘basalts around 65MY. By 34MY, Indiahad collided with Asia, and was raising up 
the Himalayas: the weathering of these massive young mountains established a 
‘ew snk for CO. Indis's movement was followed by aslow northeast rotation of 
Africa and Arabia, contributing to mountain bullding in southern Europe and the 
Caucasus, but alo closing and eventually almost obliterating the ancient Tethys Se, 
nose remnants include the Aral Black, and Mediterranean Seas, and perhaps 60 
percent ofthe modern world’ ol supply ~embedded in the earbon sediments ofthis 
shallow ea. As the Himalayas rose to heights unseen on earth since Pangea and the 
‘moderating shallow Tethys disappeared, the Asian monsoon began tobe established, 
erratically channeling winds nd precipitation away from central Asia toward the 
‘ew Ganges valley and East Afica, and desiccating the Asan interior. Finally, around 
(6 mition years ago, athe Antarctic glaciers drew more water frm the oceans the 
Mediterranean dried out completely several times, further destabilizing Old World 
‘climate, and between 4,580Y and 25MY the equatorial aways at Panama nin 
Indonesia closed, ending ancient warm-water connections between the Caribbean 
Sa, the Pacific, and the Indian Ocean. This would bring the beginning of northern 
hemisphere placation and the transition into the Plelstocene:* 


‘The Court Jester in the Cenozoic: Debate 
and Three Kinds of Evidence 


‘The operation ofthe environmental Court Jester ~and of abrupt evolutionary 
emergences on onters of land mammals during this stepped sequence of changer 
from Greenhouse warmth toward the Pleistocene e presently the eubjectof| 
considerabie debate, Since the past century, the general proposition that cooling 
‘limates gradually impelled bitic communities toward their contemporary forms 
has been widely accepted, From the 1920s, thelaey understanding of human, 
evolution in eastern Africa has been what is known asthe azvannah hypothe in 
‘which a gradual but pronounced shift frm forested to savannah environments 
drove selection among the Pliocene great apes toward walking (or bipedalism), 
tool making, larger and smarter brains, and new patterns of sociability and 
Interdependence, in essence toward humanity In 1985 asthethess of punctuation 
‘was taking shape, the savannah thesis was precisely stated: Bzabeth Vrba proposed. 
that sharp climate changes resulted in widesptead turnover pues” of species 
ofland mammals, with increasing rates of extinction and speciation resultingin 
entirely new communities of animals * Her particular attention was focused on what 
‘seemed to bea sharp transition at 25 milion years ago, when continental placation 


‘begun in the northern hemisphere, seemingly correlated with the emergenceof what 
was called Homo hai, stock making proto human. 

\Vebas argument for sharp and broad turnover pulees has since been challenged 
‘by analyses of some African and North American fossil records, while other work 
‘in Europe, South Asia, and Mongolia supports her turnover pulse hypothesis. © 
‘The ference might wellbe that between more stable equatorial latitudes and 
colder northern latitudes. But the central problem for human origins remains 
‘understanding the specific climatic changes in East Africa, and here Richard Potts 
‘ofthe Smithsonian suggested an important shift in emphasis in 1996, While not 
‘denying that a directional transition from forests to savannah was under way; Potts 
Ismore interested in the impact of an increasing variability in climate change. In thi 
variability hypothesis, the intensifying pacing and extremes of regular climate cycles, 
altering the landscape between malst and aid sometimes super-arid- conditions, 
was impeling genetic selection in a series of punctuated bottlenecks, Bounced back 
and forth between wetter and drier conditions, between forest and savannah, over 
vast periods of time, proto-human species moved toward generalist adaptations, 
rather than for any particular specialization. Thus the pressures of faster and deeper 
‘limatevaraton shaped a specie that could change its eating habits, could mentally 
rupthe landscape, and whove members ould act together as socal unit Out of 
there recurring, deepening, and accelerating stresses, on along trajectory running 
from forest toward savannah environments, humanity would emerge.” 

Establishing the exact relationship between climate change and human evolution, 
takes time, analysis, and extended debate It ivolves three very diferent kinds 
of evidence that are presently somewhat incompatiien their “visibility” From 
the 1950s uni the mid: 1980s, the argument rested on two rather impressionistic 
record that ha boen developing since the origins of natural science inthe late 
sighteenth century. An understanding of climate change was developedin broad 
outline from surface geology and the fossil recon, while the record of animal 
snd human evolution came from these sme fossils and from the associated 
archaeological evidence of early human activity Inthe past decades, however, these 
arduous recorded and collected pysical remains ofthe past have been amplified 
by two very diferent kinds of reconts, one inscribed in cores dried from deep 
seologial sediments, andthe other on the genetic codes that have combined and 
recombined in the evolutionary past and that lien allof our living cells. 

‘The archaeological record of human origins specifically began to emerge from, 
scattered fossils and artifacts in South Aftica fn the 1920s, and then progressed 
In East Africa with the work of the Leakeys and then an Mustrious sequence of 
paleontological teams. These traditional methods, now enhanced with techniques 
Incuding satelite infrared surveys, ever more precise and careful recovery, and 
‘advanced dating technology, continue to uncover fundamentally important material 
providing absolute and direc evidence for constructing evolutionary history, 


"Nonetheless, paleontology and archaeology are limited by the necessarily incomplete 
picture that they can recover: archaeological evidence can only include the subset of 
‘part activity for which evidence has survived inthe ground, andthe beet ofthat 
“subset that scientists can find, recover, archive, and publish systematically 

‘Where paleontological and archasologics evidence provides focused but 
‘occasional snapshots ofthe past, precisely located in time and place, modern climate 
snd genetic studies provide evidence that has very different qualities Since thelate 
19604, climate research has involve driling and chemical analysis: cores riled 
through sea beds, glaciers, and lake sediments can be carefully marked of sampled, 
sand chemically assayed to generate sequential series of markers of past climate that 
Inthe best of circumstances can provide an annual recon of limate variability. 
‘Quite literal, the detailed understanding that moder climate studies havebeen 
able to construct over the past two decade has overwhelmed the capacitie of the 
_aleontologists and archaeologists to provide a comparable body of evidence, and it 
willbe some time before the fossil and archaeclogial records can catch up withthe 
evidence for climate history. 


{nthe meantime, beginning in thelate 1980s and now simply exploding with 
the decoding of the human genome, modern genetic studies have begun to make 
stunning contributions toan evolutionary history Its great strength it auniform 
and inclusive coverage of humanity ants ability to establish patterns genetic 
proximity and distance that have suggested a strong and consistent pattern of 
human migrations during the Pleistocene. Its weaknesses iin geography and 
chronology: genetic events can be placed only very generally ntime and place, and 
‘heir interpretation is complicated by how ttle we can know about scale of the 
populations from which they are drawn, and by the probability of evolutionary 
change unfolding at sharply different rates in epochs of equilibrium and punctuated 
emergence” 

‘Theresutis something ofa mismatch, in which the archaeological, genetic, 

nd paleoclimatic data all provide evidence of very different precision and 
comprehenstveness. Thus a proto-human fossil can be—in ideal circumstances - 
dated and placed relatively precisely ina detailed climate sequence, but its exact 
place in an evolutionary sequence remains in some doubt It may bethefirst ofits 
kind tohave been found ina region, but was this indeed the earliest occurrence, and 
its ving owner evolve inthis location, or somewhere else? And iit seems tobea 
frst appearances that appearance related toa concurrent climate change recorded, 
In local geology or sediment chemistry? And how might t berelated toa putative 
‘branch na genetic tree? And when does a described corelation between climate 
‘change and new features inthe archeological or genetic record merit theclaim tobe 
an explained use? 

| will be constructing # synthesis from these thre lines of evidence, bulltupon 
the assiduous work of hundreds of specialists But, as they would all agree, such 


‘synthesis can only be tentative, built upon a reading ofthe deliberative center 
ofthe current sate ofthe field. Ac have done in the fist chapter, present what 
"understand tobe this deliberative center: despite debate about some ofthe 
Important detail its abundantly clear tha biota in general and proto-human 

in particular were shaped and reshaped by their Gynamic ewoutionary responses 
‘toa cooling and increasingly variable climate durin the Cenozoic, ac ecological 
‘change of various kinds subjected populations to stress, isolation, and resulting 
‘bottleneck of allopatric selection and genetic dri, x perhaps epigenetic emergence 
[Ris entirely possible that such responsex might have involved the operation of heat 
‘hock proteins in embryonic development, accelerating evolutionary emergence of 
ew species and new qualities of body and mind. tis certainly clear that at some 
point these emerging modern human qualities began to coalesce into the ability to 
progressively control a surrounding environmen, tothink through time and over 
‘the horizon, and to communicate these skills to others around them. From this point 
forward humanity began to develop the capacity to transcend climatic punctuation 
tnd to generate punctuations in tx own history. Humanity began todecouple ts 
history from climate and nature ora east to think that such a decoupling was 
possible, 


Miocene Apes and the Early Hominins 


Paleoanthropologists are quite confident about the role of environmental change 
In driving the evolution ofthe Old World ape lineages that ed toward human 
origing. This was a story shaped by th ting shifts toward cooler, Icehouse earth, 
‘riven by declining atmosphere CO; and the tectonic remodeling ofthe boundary 
‘between Africa and Eurasia during the Oligocene and Miocene epochs By the Early 
(Oigocene, about 32 milion years ago after the onset of glaclaton in Antartica, a 
series f arboreal anthropoid species, precursors of monkeys and apes, had evolved 
from earlier primate forms found in Aftican or Asian forests south ofthe Tethys 
‘Sea!°The rst hominoid” apes began to evaive in these forests during the warm. 
‘arly Miocene, 20MY, gradually developing larger brains and reduced tooth ize, 
and replacing quadruped motion in the trees, balanced by atal, witha swinging 
suspension from true hand, arma, nd a filly rotating shoulder. Around 183, the 
pace of diversifcation among the Miocene apes accelerated, as global climate began. 
‘twexperience severe swings, as measured by oxygen isotopes (see Figure), 

“There are two competing positions on where this diversification ed toward 
‘humanity. The traditional understanding as yet unsupported by fossil evidence, 
‘hat the hominlds evolved toward great apes in tropical Africa." As Africa made 
contact with Eorasaat approximately 17-16MY, during the final epoch ofthe 
‘warm eaty Miocene, erly hominoidspes joined a general mammalian movement 
‘of Aican mammals into the Buracian forests north ofthe fragmenting Tethys 


‘Sea. These land bridges opened and closed at various interval with variations in 
sa love, but itwas among the transplanted and diversifying Eurasian apes that 
the line leading eventually toumanity evolved during the drastic and erratic 
‘cooling between 15MY and 13MY. But after SMY, asthe Fulleffects ofthe Himalayan 
‘mountain building dried and cooled large stretches of Eurasia, the northern great 
apes lther died outo tracked south with retreating woodland and forest ecosystems 
Into Southeast Asia and backinto Arica With decining levels of atmospheric CO;, 
tropical biomes soon began to change dramatically with the spread of savannah 
land dominated by the C grasses, which ae particularly successflinlow-C0; 
‘conditions. The stage was set in East fica forthe stepped, punctuated emergence 
‘of humanity 


‘Aseries of geological and climatic stresses continued to act upon eastern Aftica 
‘during the late Miocene and through the Pliocene. From BMY, in what was apparently 
‘small super-plume event, eastern Aftica was uplifted and broken along.avolanic 
riftstretching from the youthern Re Sea down tothe central ftican lakes region, 
Simuttaneously, a the general global system cooled, variation nthe earth orbit 
‘round the sun began to be manifested increasingly in cylial effects on earth 
climates. Axa progressive cooling withdrew water from the global oceans into the 
rowing Antarctic ce sets, lowering ea level, these orbital shifts compounded 
an underlying tectonic uplift at the Straits of Gibraltar, causing a catastrophe 
evaporation ofthe western remnants ofthe old Tethys Sea. With the fall global yea 
levels andthe rise of hallow self atthe straits, the Mediterranean and Back Seas 
‘wre cutoff from the Atlantic at 6381 and completely dried out fr almost a milion 
years in what is known asthe Messnian salinity criss. Duringthe Messnian criss, 
‘massive saline depositson the evaporated Mediterranean seafloor were exposed 

to wind-bome erosion and driving hot dusty winds over the surrounding regions. 
‘This event contributed tothe creation ofthe modern Sahara desert, which had broad. 
effectson global climate !* 


“These were the conditions in which the ast common ancestors of humane and 
‘modern African great apes evolved and then diverged. Geneticist are broadly 
agreed thatthe division between humans and our closest primate cousins, the 
‘hominid goras and the chimpanzees, ook place sometime between OMY and 4M, 
‘with gorillas ranching of between OMY and 6MY and chimpanzees and human 
precursors semetime between THY and 4MY; one estimate is 6.6-4.9MY' (see Figure 
14). French paleontologist Yves Coppen has proposed thatthe uplift ofthe Rift 
Valley through eastern Africa beginning around AMY constituted the specifi force 
{hat divided the ancestral ret ape populations, with ancestral gorillas and chimps 
eventually persstingin the dense western rainforests that were fed by Atlantic rains, 
‘while new genera of prote-humans, what anthropologists arenow calling hominins, 
‘were established across the increasingly drier and climatologically unstable eastern 
region, supplied by an increasingly erratic rainfall from the Indian Ocean The 


‘million-year evaporation ofthe Mediterranean clesrly must haved aolein the 
‘conditions shaping this rupture. 

For decades, debate over the emergence of bipedal hominins revolved around 
Australopithecns, the “southern ape," irs found in south Aficain the 1920s, and 
then in 1959 in Kenya (now called A afarensis) dating about 4-3MY. But recently 
1 series of fossil finds have begun to put hand evidence behind the earir divergence 
suggested by the genetics, with new Australopith species (A. anamenss dating 
‘acto 4.2MY, a Kenyanthropus dating to roughly 3.4MY, Adipthecusramiaus 
dating between 5 BMY and 4.4MY, and two even older species, Orrorintagenensis 
and Sahelanthropus tchadensis dating from somewhere between 6MY and THY, 
‘The evidence suggests that before MY both Sahelanthropus tchadensis and Ororin 
ttgenensis had some walking abilities but the consensus is thatthe apelike 
tendency to head forthe trees persisted until well after 2MY and the ise of Homo 
rectus. Fossils dated to roughly 3.4MY indicate that fully bipedal Australpiths were 
sharingthe mosaic landscape with evolutionary cousins whose tree-climbing foot 
architecture was very similar to that of Antiithec 7 There it a considerable debate 
shout the phylogenetic relationships ofthese early hominin fossils, and competing 
arguments suggest that all ofthese fouls either represented a bush of divergent 
species or were various manifestations ofthe same general species, There are some 
ambiguities the genetic ferentiation between chimpanzees and proto-humans 
‘was not clea and complete until 4MY, but 5. tchadenss and O.tugenenstc were bipedal 
‘by MY a genetic analysis suggests that the human ine may have descended from 
hybridization betwoen the bipedal species and chimpancees occurring sometime 
after 6MY.!* Many of these species including the Australopiths - may not have been, 
true human ancestor, but part ofa wider adaptive proliferation for which we have 
only the mort scattered and fragmentary evidence tee Figure L4).But the wider 
realty is becoming apparent, without worrying too much about the exact human 
phylogenetic lineage: a variety of early hominin forms were emerging during the 
ecological stressfullate Micene. 

‘What distinguished these hominin species was slowly evolving dental 
structure and an emerging ability to walk upright on two legs, perhaps useful in 
evading predators, pechaps adaptive in exposing less body aeato the sun." If 
they did not abandon the forest, the eaty hominine were capable of dealing with 2 
patchy, mosaic environment of wooded sreambeds snd drier, mote open upland, 
an environment that was increasingly characterized by instability and diversity. 
Such a picture of erty bipedal hominins living in wooded environments comes 
into sharper focus in detailed palececologial studies of various East Afvican sites, 
‘where their fossils and those oftheir proposed descendants have been situated in 
relation toother mammalian furl and other evidence of sncient environments °° 
Butts increasingly lar that the forces at work on theeatly hominins and their 
‘mmadiate ancestors were not so much a compete change from forest to grasslands, 
‘but an increasing variability in climate, driven by forces that were only now-as the 


Orbital Cycles: From the 23K World to the 41K World 


‘Virtually allof the fundamental environmental forces discussed sofar inthis 
and the previous chapter have been either astronomical or tectonic in origin. The 
tectonic forcings include the vast, slow workings of super<jle of continental 
formation, rifting, spreading, and clovure, driven by the subduction of continental 
‘abs, the geodynamics ofthe D” layer, and super-phumes rising from the core- 
‘mantle boundary. The subsidence of muper plumes and consequently declining 

0; emissions had riven the Cenozoic coling before the Oligocene, Ding the 
Oligocene and the Miocene and into the Pliocene, the dominant forces behind climate 
‘cooling involved the tectonic reshaping and consolidation of continents that mark 
the end of the super-cycethe closing ofthe Tethys Sa, the uplift ofthe Himalayas, 
the opening of polar senways around Antarctica, the tectonic rifting of eastern Aftcs, 
the derication of the Mediterranean. Two final tectonic events during the Plocene 
‘marked a key transition. At roughly 4.5§Y, continental drift began to close down 
‘woof the at remnants ofthe Mescanic equatorial seaways.Paleoclimatologists 
have long pointed tothe effect ofthe uplift ofthe athmux of Panama in coving off 
the Atlantic fom the Pacific and establishing deep cold North Atlantic current, 
‘pinning at 4 SMY and nally fully dosing around 2 SMY and seting the stage for 
the beginnings of Arctic glaciation a 2.75MY. The tectone uplift ofthe Indonesian 
region between SMT and 3M must have had an equally significant effect, slowing 
down fow of warm, moist ar intothe Indian Ocean, and thus cooling and drying 
‘astern Aftica? (se Figure 4). 


Another set of forces were also at work on gicballimates, working much more 
‘apidly and perhaps lightly, but not until tectonics had lowered plcbal temperatures 
‘toa critical threshold at roughly 2.75MY could they begin to have serous effect of 
their own, There ae the results of actuation in the relationship between the earth 
In its orbit and the sun itself unfolding over tens and hundreds of thousands of years, 
‘broadly known as orbital forcings Specifically, these orbital variations increased and 
decreased the amount and seasonality of solar warmth insolation reaching the 
‘artis upper atmosphere a different latitudes. Oncea tectonic-driven threshold 

‘of lal temperature ad been reached, these cyclical variations began ta drive 

‘the advance and retreat of continental glaciation inthe northern hemisphere To 


‘understand our world and the world of emerging proto-humans, weneedto know 
something about these orbital cycles 

‘The des that variations in the earth's rotation and orbit might shape 
_lacations wae iret proposed more than 150 years 2g0, and, inthe 1920s Serbian 
‘mathematician Miluin Milankovtch established its basic premises But not until the 
‘beginning ofthe modern campaign to drill and analyze cores from ocean bottoms 
and placirs was the evidence to support an orbital theory of glaciation established. 
“Three cycles of different periodicities are at work, in complex relationships with exch 
‘other, with tectonic forcings, and with greenhouse gases. 

‘The irt orbital cycle involves slight variations inthe orbital tit or obliquity of 
‘the carthS axis in relation tits orbit around th sun Increases in tit expose mare 
‘ofthe polar regions tosolar warmth during the summer and less during the winter, 
enhancing seasonal extremes. Decreases tit reverse this relationship, lading to 
colder polar summers. Varying between 22.1" and 24.5 from vertical over the past 5 
rllion years, the obliquity cyele runs over a peak to peak period of 41,000 years 

‘The second orbital eycle is driven by changes in the shape, or eccentricity, of 
theearth anal tit around the run. Never a perfect circle the earth's orbits 
periodically distorted by the gravitational pul from nearby planets. Here increases 
{nthe eccentricity or eliptical shape ofthe orbit mean that the earth filer a 
tele clorer tothe sun on two seasonal paste, ands thus incrementally warmer 
‘While eccentricity manifested in a series of diferent cycles, the dominant one 
{s approximately 98,500 year in length ftom peak to peak, with an important 
secondary cycle measuring 413,000 years. 

Finally, the third cycle - preceasion-Istuelf composed of two related patterns. The 
frst is the “wobble” or precession of the ais" in which the entire earth wobbles 
lke atop on its axis the second is the precession of the ellipe,"in which the shape 
ofthe obi itself rotates These twocyces together make up the “precession of the 
quinones" which gradually pushes the season solitces (March 21, June 21, <tc.) 
around the eccentric path ofthe orbit on cyces that measure 19,000 and 23,000 
_yeas;because the 23,000-year cyl e dominant, precession is usually measured in 
23,000:yearcycies When summer and winter solitices line upat the extremes of, 
thecal the effect is toward a cooler earth. Obviously alof these patterns have been 
Working simultaneously since the formation ofthe earth, fat gradually changing 
‘Velocities. And because they are simultaneous, these cycles workin lationship with 
each ther to create complex interactive pattems, depending on their wn internal 
‘hythms. Thus obliquity/tit and precession can either enhance or cancel out each 
others effects orthe effect of ecentricty. And allof these effects only determine the 
‘degre of solar warmth that reaches the upper atmosphere as “insolation.” Down 
‘onthe ground, the effects of these cycles areFurther altered by tectonic forcings, 
‘by albeda~the proportion of incoming light reflected by a surface—and by the 


‘various biotic and geological components that shape the cycling of greenhouse gus, 
‘specially carbon dioside and methane ?> 

‘Asthe earth descendad further into the Cenozoic Iehouse, these orbital cycles 
‘increasingly began to shape global climate, and their increasing variability and scale 
‘begun to shape the context ofbisogical evolution, including proto-human evolution, 
‘When the cumulative effects of tectonic forces the slowing of super-plume 
sctivity and the remodeling of continent and ocean basins reached certain critical 
thresholds, the orbital forcings begin to independentiy drive the cycling of tropical 
‘monsoons and of polar continental glaciation. Evidence exists that suggests that, 
since atleast the Oligocene Miocene transition a about 23MY, the precession orbital 
pattern was shaping climate cycles. Precesson directly determines the varying 
level of insolation solar warmth) hiting the atmosphere, an higher and lower 
‘nsoation by diferentially beating land and ocean surfaces - was already driving 
‘cycle of stronger and weaker tropical monsoons From long before the epoch of 
{he Miocene apes down to approximately 2.75MY, the dominant climate rignalin the 
cxygen isotopes recovered from ocean cores is this precession sgnal 4 23,000-year 
periodicity (ae Figure 4) 

Certainly the rifting of eastern Aftica andthe catastrophic drying ofthe 
[Mediterranean during the Bessinlan crisis had serious regional impacts that seem 
to have shaped the emergence ofthe early hominins verging from the great apes. 
But is alto clear that these species were adapted toa patchy wooded environment 
‘hat di not change drastialy for millon of years and -to point of fact-nelther 
these proto-humans. The erty bipedal ominins lasted for as much as 4 miion 
years, perhaps improving thes two-legged posture and probably using twigs and the 
‘ceasional rock opportunisticallyas tools, but maintaining a cranial capacity and the 
‘sharp diference in body size and weight between the sexes that were not radically 
Aifferent from that of their great ape cousins ** Through all these millennia, the 
23,000:year, precessionsliy dominated orbital cycle exerted important pressures 
on East African climates, causing an ebb and flow of more humid and more arid 
‘conditions, but maintaining a reasonably well forested environment. 

‘The tectonic threshold that broke this patter came around 3-25 millon yeart 
go, withthe cloting ofthe Indonesia and Panama equatorial exways. Thee final 
‘majortectonically derived climate drivers cooled the global ystem sufficiently 
to set of continental glaciation inthe northern hemisphere, mazked bythe first 
appearance a2.7SMY of debris carried by glaciers and “cerafts” in the North 
Aslantic cores. The tectonic cooling effect st offa chain reaction that shaped the 
new climate regime. Once the northern glaciers were established, they accelerated 
‘he cooling ofthe far northern hemisphere, n part because ofthe increase albedo 
reflection of solar radiation from snow covered rurfaces, and changes in airborne 
dust, en surface temperatures, nd the working ofthe deep Atlanticcurrents Tie 
accelerated cooling increase the temperature differences between the ples and 


‘he equator, and this gradient Grew in mare moisture that increased the snowfall 
and glacial ice pack Alf these forces fipped the giobal climate system from “23K 
World” of rap but shallow cimateorcilations driven by orbital precession into 
“41K World’ oflonger and deeper shifts defined by the 41 000-year orbital ces of 
blguity anal? 


‘The 41K World and the Genus Homo 


“The effects ofthe shift tothe 41K World” in eastern Afica between 3MY and 
2.5MY have een described as a profound environmental degradation" A series 
‘ofchanges occurred more or less simultaneously with the onset of northern 
‘hemispheric glacations and the establishment of the 41,000-year climate cycle 
Forthe fist time, continental glaciers persisted for as long as 15,000-20,000 years 
‘before melting, x orbital alignments resynchronized to bring atemporaty return 
‘of sola warmth to heating ofthe northern hemisphere. There were critically 
Important changes in the tropes as well Ocean dling of the African coasts has 
revealed a series of ayers of wind: blown dus indicating sudden shifts toward dry, 
arid conditions the fist ofthese dust layers dates to this period, 3MY to 2.6MY (ne 
Figura 4), The general consensus is that there was a movement toward savannah 
‘conditions though they would not become the norm for another milion year 

at around 1. BMY, when another surge in windborne dustin the ocean core lines 
‘up with distinc sift in sot carbonates, indlating the final acceleration toward, 
savannah grasslands. Asthe savannah advanced so did the intensity of climatic 
‘aration. Thisblast of enviconmental change and climate variation inthe milena 
following 3MY did drive turnover in animal populations ~and the emergence f new 
populations of proto-humans* 

‘Asplacial patterns began to operate globally different but increasingly inked 
forces wore specifically at work in East Africa. In the tropics, the 23,000-year 
precession insolation cyle shapes Aftican monsoon patterns, andi t modulated 
by the longer 413,000-year and the shorter 100,000-year cytes of the eccentricity 
‘ofthe earth’ orbit Uniformly asthe eccentricity ofthe orbit becomes more 
‘extreme, the variation of precession becomes more extreme, driving greater 
‘variations of tropical warmth, and thus greater variations in tropical monsoons. 
(See Figures forthe patter in the Pleistocene) Thus the troughs and peaks ofthe 
precession respectively intensify and wesken tropical insolation and the Indian 
(Ocean monsoon, and fl up and dry out lakes in regular succession. These patternt 
-naveboen detected operating as fr back asthe Oligocene. But athe 4,000-year 
‘orbital obliquity it cycle launched continental glaciation inthe polar north, the 
effects ofthe tropical system became more extreme. The result was that, withthe 
larger peaks of orbital eccentricity, the smaller swings in precesson-controlled 
‘monsoons drove intense extremes of precipitation and hyperariity in East Arica ”° 


Precesson-maximum wet periods eft thick lak sediments: increasingly severe 
recession-minimum droughts sent up clouds of dust tobe recorded in shrinking 
late sediments: Swinging in wild extremes of ample rain and brimming lakes to 
Ihyperariity and dry lake beds, these high-eccenricity epochs acted as punctuating 
accelerant for prote-human evolution. During droughts, hominin populations 
‘would have shrunk into isolated refuges, where the potential for the expression of 
‘emergence and resulting genetic founder effects would have greatly incressod. Then, 
“during wet periods, populations would have grown and expanded, increasing the 
‘opportunities for new species to become established ?* 

‘These strestful high-eccentricity epochs clearly began to rive East Aftican 
‘evolution after 3MY (see Figure 4), Austalopthecus anamensi, ving patchy 
‘wooded environments, persisted until the onset ofthe “81K World at about 
MY, and a period of extreme monsoon variability n East Aftica. A. anamensis 
was replaced firs and briefly by A sfricamas and A. gar. Then after 2.8MY ~ 
point oflow eccentricity and low precessional stress implying moderate East 
‘African conditions the hominin Lineage divided into two stems One would lead 
to evolutionary dead ends and extinctions the various Kerpanthropus species 
(platy, rudotphenss) and Paranthropus species (aethiopus,robustus, bose) Some 
persisting to almost one milion years ago, Paranthropus developed massive grinding 
dentition allowing them to forage the increasingly dry savannas virtually as 
generalized grazing animals presumably with the occasional opportunistc mouse 
or grasshopper thrown in. Mare important, however a second generalist adaptation, 
emerged, leading tothe genus Homo. 

‘Ataround 2.6 both northern hemispheric placation nd another tropical 
high eccentricity period set in and drovea sharp acceleration in human evolution. 
‘This coincided withthe fist clear evidence for stone tool, in what it known at 
the Oldowan tradition, featuring round exbblestones roughly faked to establish 
A sharp cutting edge. Thisad nothing todo with hunting Rather, as woodland, 
resources dwindled, some of the evolving hominins began to scavenge dend animals, 
probably animals ied by carnivores or thelack of wate, andthe primitive ldowan 
choppers were the necessary means tacking through thick hides and smashing 
up bones. The goal was ft stored in bone marrow. Who first madethese tools? The 
artist known dates of Homo habiis are roughly 2.4MY, 200,000 years after the 
satliest dating f Oldowan tools. This would suggest the probability that under the 
stresses ofthe transition tothe 41K World, broadly between 3MY and 2SMY, late 
_Australopithe began a behavioral transition to scavenging and very primitive stone 
tool prducton. In any event, ste clear that such ery tool use and.anaesoclated eet 
of evolutionary changes were centralto the emergence ofthe gens Homo” 

(Geneticits have proposed that a specific gntic change isthe marker fr the 
‘punctuation that differentiates Homo from ts forebears and contemporaries. The 
frst Homo habiis fossils date to 2 ANY, the same time as a genetic mutation suddenly 


‘reduced the size and strength of human jaw muscles (mown 25 MYH16).> Apes, 
‘stiyhominins, and Paranthropushad large masces attaching tosagital crests on the 
top of thelr skulls, providing crushing power for jaws and teeth, but also binging the 
skull ina mascular vise that may have precuded any expansion in brain size. This 
‘mutation fixing was followed by a second, estimated at2.2MY, which inactivated & 
gene (CMP-1) governing the production of cis that limit bran growth in mammals, 
Previously, such mutations might have been disastrous and would have ben lost 
‘gulckly, but in context of emerging large-animal servenging and tool use, they must 
have suddenly spread widely, marking a fundamental speciston event.?® The result 
was a burstof encephalizaton: brain size increased by a fifth between the Apiths 
(-450.ce) and Homo habs (-552.c) and by another third withthe development of 
Home erectus (~854..)by roughly LEMY™ (see Figure). 


Brains are useful but expensive organs, and require significantly more caloric 
energy than other body tissues, Thus a complex of behaviors and biological changes 
began to work together a Homo emerged from 2 4MY. The increasing cologcal 
stresses ofthe "41 World transition” had encouraged late Ausralopithsto raid 
carnivore lls; encephallzation allowed Homo to perfect the il invalved in 
scavenging, Descending vultures would have located nighty kil, which Homo 
bands would have exploited during the day. These raids required coordination of 
spotting, racking, chasing off vultures and hyenas, and tols fr quck butchering. 
Most the scatter from tol manufactures located at wht would have been il 
springs o trans, or lake edges, which might have been protected by patches of 
‘woods theveuem to have been somevhat defensible home bases to which both raw 
stone and butchered carcastes would have been carried, nd food shared in new and 
Interdependen ways, Allo this activity would have required socal and technical 
sis and would have produced the mest and fat that would have fed the brains that 
underlay those skis Anew diet and an enlarging brain required different patterns of 
bod circulation and a new digestive tract, and the old large put ofthe apes gave way 
toa smaller, mor efficient gut, sending more blood tothe brain. Large infant heads 
-nquired nev structures in the birth canal anda longer period of infant dependency. 
Daytime scouting onthe hot evannah required a system of blood circulation that 
‘would cool the enlarging brain. These developments combined to form amitually 
‘reinforcing feedback among activities, sil, ie, and physical structure, clearly a 
fundamental punctuation on the rad toward humanity 


‘Homo habits was sila small species, at mot four fet tal, and still may have 
retained someape-like tre-cimbing proctvities But ithad alarger brain, anew 
it, and new skis, and recent discoveries suggest that it ranged much further and 
survived much longer than had been traditionally assumed Fist, Aabilisfossils have 
‘been discovered at the Danis site the Caucasus region between the Black Sea 
and the Aral Sen. Datingto 1.7MY, these habs individuals were not associated with 
‘awave of African mammals, suggesting that hails special skills and diets now 
Allowed it to spread into new ecosystems Second, hails fossilshavebeen found 


‘in Kenya and dated to 1 44M. This might mean that habs did not disappear at 
1LAMY, but may have coexisted asa parallel species with Homo erectus for aslong asa 
half milion years. New erectus finds ae also suggesting that this species was much 
‘more variable in size than once thought, and may have ist emerged well before its 
traditional emergence date of | OMY. One hypothesis therefore proposes that habiis 
and erectus were parallel species that emerge from s common ancestor asa resltof 
the environmental disruptions of the transition from the 23K climate system tothe 
4X climate system, with its embedded whiplash of precession driven East African 
‘drought and flood, around 2 SMY. On the other hand, tis entirely possible that al of 
these Homo fossils are the remains of a single, highly variable species ** 

‘The next significant transition in East African environments at roughly LAMY to 
1.64, the formal boundary between the ate Pliocene and early Pleistocene saw an 
Intense sequence of environmental instability driving a widespread faunal change 
snd an increase in aridity and savannah conditions. The impacts on East Africa were 
‘compounded by another high-eccentriity period, which brought wild swings nthe 
Indian Ocean monscon, with asequenceof wet periods and hyperdroughts that led 
nd dried out highland lakes and put layers of desert ust into ocean sediments.”” 

‘This critical climatic transition saw the development of Homo erectus nto a specie 
of modern human height and weight, witha brain much large than thatof hai. 
‘rectus was fully savannah adapted, inaugurating unquestionably modem walking 
and running abilities, including the distance endurance running that distinguish 
humans from virtually all other species “©The pressures ofthe 1.8-1.4MY climate 
crise may have pushed erectus out of Afric, tracking along the dry grasslands east 
Into southern South Asia, China, and Indonesia! Andifthey initially continued the 
‘Oldowan stone tot traditions inaugurate by late Australopthe at 2 6MY (and in 
use by habs at Danis) African erectus by LSB had begun what is known asthe 
‘Acheulean handaxe tration, a remarkably uniform syle of increasingly symmetrical 
‘tone tots that- among other uses ~may have been thrown at game herds as 
there people simultaneously started bunting and developing precise hand- 
eye coordination. 2 The handaxe tradition didnot spread out of Africa until ater 
"780,000 years ago, and never spread east of the India-Burma bender, where erectus 
peoples seem to have used bamboo for cutting tools? By .2MY, erectus had shed 
the las of the body hai that characterize viztuslyallother mammals ait kin 
darkened as protection from the sun The control of fire was clearly an essential 
part of thenew erectustoo bt. Easty Achelian deposits in the Wenderwerk Cave in 
South Africa have revealed the earliest convincing evidence fr the tine use of fre 
at roughly a million years ago, and the fist definitive fie hearths ated to 790,000 
_yearsbefore present (yop) in Israel. Richard Wrangham has argued convincingly 
‘hat the sift toward modem stature and skeletal structure with rectus trong 
‘circumstantial evidence that these new peoples had started ta cooktheir food, 
<iving the beginnings of important shits in familial and communal organization 
and solidarity 


Erectus peoples and the Acheuian tool it were extremely succesefl and well 
‘adapted tothe “41K world” asthe eatly hominins weretothe23K World” Erectus 
lasted asa species for amilion years in Afvcs, and without the Acheulln until 
about 40,000 years ago in isolate parts of indonesia, where arecenty discovered 
‘Pygmy subspecies, Home foresenss, persisted until about 18,000 years ago! The 
‘Acheulian lasted 1.3 million years longer than the Oldowan'sone-ilion-year run. 
But asthe “41K World” ave way tthe 100K World” anew seriesof environmental 
‘pressures st the stage forthe final transitions toward modern Homo sapiens 
‘modern humanity. 


‘The 100K World: Homo Heidelbergensis, 
Archaic Homo Sapiens 


‘The ast breakbetween major glacial world came roughly amilion years go, 
sand was marked in East Afica and surrounding oceans by yet another math of 
windborne dus, indicating a sudden advance of dry aid conditions Where there 
had been a diversification ofthe hominin ine atthe gret shift in global climates 
round 2.75MY, here there wasa great thinning: thelastof the alternate hominin 
lines sterming from the Miocene apes, aranthropus and probably Homo abil, ied 
‘ut, leaving the Afican and Asian H erectus populations to go forward into the “100K 
World” (ee Figures. 4,15). 


For almost 2 millon year, the earth placa cies had swung on 41,000-year 
cycles defined by orbital obliquity Roughly amilion years ago the system beganto 
change toa climatic cyle defined primarily by the ecentricty ofthe obit: Th 
cycles wore long, deeper, and more regula in shape, running longer than 100,000 
_years, with modulations atthe uecondary ~400,000-year eccentricity cycle. Again, 
lke the tranition to the previous "61K Worl" thetranetion tothe “100K World” 
took place in several stages. Fist, around 1 2MY, the 41,000-year cycles began to 
depen and lengthen. Then, between 900,000 and 700,000 years age, in another 
‘eccentricity driven monsoon osilation in eastern Africa, what ixbeing called the 
‘Iid-Pleistocene Revolution,” an irregular 100,000-year cyte took hold, and around 
450,000 years ago settled into a series of four regular deep climatic swings, on which 
\wenow ride upon themost recent upturn‘? 


‘These four recent and most extreme glacial cyeles have strikingly similar 
‘patterns. The oxygen isotopes from ocean sediments andthe CO; and methane 
uses preserved in Greenland and Antarctic ice show the same variation, along, 
slow deling in temperature and an increase ince formation followed by plunge 
toa "placial maximum and then sudden “termination” melt back toa rather 
short “interglacial” Again, a combination of forces seems tohavebeen at workin 
this shit in climate regime, in which the various orbital cycles were reinforced by 
the general trajectory of cooling andthe specific workings of greenhouse pases and 


‘the bio-georphere An ongoing decline in atmospheric CO; may have shaped both 
‘decline in sea surface temperatures and the structurecf the ocean currents to drive 
‘the transition to the new repime Then orbital precession and obliquity osilations, 
‘working in combination with eachother, either enhanced or suppressed greenhouse 
‘resin wild but repular swings that stretched over the 100,000-year eccentricity 
cyeles# 

“The 100,000-year, eccentricity. dominated world had quite diferent impacts at 
the high latitudes and the equatorial latitudes, especially easter Africa High-and 
low-eccentricty epochs correlated with and probably were the principal drivers of 
interglacial and glacial episodes. Low eccentricity values ae associated withthe 
‘deep glaclations, manifested in lower se levels and in lower levels of atmospheric 
(CO; and methane see Figure 5). Despite the general lack of global moisture, with 0 
‘much being drawn ino the advancing continental gaciers, the eccentricity troughs 
sctully brought relatively moderate conditions to East Africa. Low eccentricity 
‘meant relatively modest swings in precession and insolation, and thus modest 
wing in the tropical monsoons systems, resulting in stable East Aftican climates. 
Emerging evidence suggets that during the glacial periods tropical circulation 
systema sifted south, withthe effect of bringing more rain to East Africa, while at 
the tame time North Africa and Southwest Asa suffered intense cold droughts and 
‘deertifcation. Thus during glacial periods ce woud advance through the northern 
lntitudes andthe Sahara would be completely uninhabitable, while conditions would 
bbereasonably stable and hum in East Africa, 

Conversely, uring high-eccentricity interglacial periods, the opposite would 
bethe cate. Asin our present Holocene world, ce would retreat toward the poles 
and temperate ecologies would prevail across much of the middle latitudes; sa 
levels,CO, and methane would all ris together. The Sahara would become a vast 
savannah parkland while the Aftican monsoons prevailed. Bu the peak eccentricity 
pattern shaping the interglacials in thee 100K cycles brought wide extremer nthe 
peaks and troughs of the precession insolation 23,000-year cycle shaping extreme 
‘variability in Afican climate Asn the eater environmentally unstable periods at 
-2.5MY and 1.8MY, there ie direct evidence from East Afsican lake sediments for wet 
and dry precession cyeles, complicated by tectonic shifts the last high peak inthe 
eccentricity cycle of 135-70K years ago very clearly droves series of megadroughts, 
drying up lakes and turning semiarid landscapes into deserts? 

Because East Afica was the principal range of emerging modern humans it seems 
highly key that these eccentricity driven oscillations of climate during interglacial 
times were critically important tothe at stages of human evolution, as suggested by 
Richard Potts variability thesis This was the world that shaped humanity into our 
final form, probably in bottleneck pulses of evelution driven by extremeand abrupt 
‘imate change. This final human form, Homo sapiens, is distinguished primarily by 
‘our mental capacities, by brain that lets us thinkin a focused analytical manner 


about things that we cannot seein the pat, inthe Future, over the geographic 
horizon Is larger than ou forebears brain, and is carried in skull thatistalland 
lobular, rather than relatively long and sloping, and is integrally connected toa face 
and throat that are cur vehicle of expression and communication, and tohands that 
are equaly involved in shaping our immediate world, 

ln sum, the extreme punctustions of an increasingly rough world inthe mid-to- 
late Pleistocene brought ou an extreme response: building on the hominin legacy, 
humanity emerged into self-consciousness and self-ralizaton In so doing, we 
stepped away from the natural woeld that had so shaped us The evidence fr this 
human emergence in defiance ofan increasingly violent Court Jester, ies Uiterally 
inthings shaping and shaped by the human brain: scatters of artifacts ying in 
‘the ground, fossils ofthe bones that encased the brains that shaped them, and 
Increasingly the genes that we stil carry with ws. Each hasa story totel a story that 
leads toward the dynamic relationships among human populations, technologies, 
and creativity that, in tension withthe rough forces ofthe natural world, comprise 
the central question nthe rest ofthis book. 

‘These stories started slowly atthe opening ofthe “100K World” Around one 
rmllion years ago, atthe same time that Paranhropus was pong extinct with the 
shift toward aridity and sharper cycles, Aftican H. erectus was showing some signs 
‘ofchange, as evidenced by a fossil sll from Eritrea dated to one milion yop, which 
thas higher cranium anda shorter, narrower face than the cassie eectus."° The 
‘evolutionary events ofthe ensuing $00,000 years roughly the transitional phase of 
the “100K World” are currently under considerable debate because the next series 
‘of fossils comes trom southern Europe aly and Spain and date as eatty as .2MY. 
‘These fost have bee abele Homo antcesor and some scholars argue that they 
represent the next step inthe human lineage This argument proposes complex 
Plctureof fluctuating eispersls involving a speciation of antecenor in Southwest 
‘Asa, from where this species ebbed and flowed with the glacial yees north into 
Europe and south into Africa. Because these exist proto-human accupants of 
Europe didnot carry with them the Acheulian handaxes, bt only the ldowan fake 
and chopper tradition, however, it is unlikely that they comprisea direct antecedent 
tomodern humanity." 

‘The dominant postion thas is that anteceror was an evtutionary dead end, 
rooted in an erectus dispersal from Africa during warm interglaciale but driven 
toextinction by ensuing glaciations 5? The fossil recordin Afticain this period 
‘is sparse, but the general postion is that around 850,000-800,000 years agoa 
new species did emerge, known as Homo hidelbergensi,or simply archaic Homo 
‘sapiens. Acsocated with arefned form of Acheulian technology, hideberensie 
hha a sgnificantiy larger brain than erectus. These people also hed regular control 
‘of fireby atleast 400,000ybp, allowing them to maintain safer and more socially 
differentiated home bases. Ben Marwick has convincingly arguad that hidelbersensie. 


‘must have been speaking aproto-languageof sorts, rather than the simple signing 
‘and signaling thatthe early hominins would have shared with chimpannzes and the 
[Miocene apes. The evidence comes indirety, from the geological signaturesin stone 
artifacts found in various living sites Artifacts from earlier sites came from nearby 
locations, which an individual could remember on his or her own within aocal 
hhome ange, and beyond which ay the dangerous territories of ther groups But 
after the ise of heldelbergensis stone was transported from as far as 200 kilometers 
sway, suggesting that their acquisition might have been pat of primitive boundary 
‘exchange rituals negotiated in an earl frm of grammatical complex language? 
‘Thetransition to the"10OK World” must have fundamentally shaped the 
emergence ofboth antecssor and heidelberpnss Prior tothe onset ofthe “100K 
‘World we have spoken rather gerally about changes in broad climatic and 
environmental regimes, but within the long and deep swingsf the regime ofthe 
"10K World" and with the fine grained detail of the oxygen and CO; sequences 
from the ocean sediment and ce core - we can be much mare pris, Specifically, 
‘wecan argue that during certain glacial cycles human populations were subjected 
to nevere genetic bottlenecks, reducing thelr numbers and allowing for genes of 
particular founders" to sweep through small jolated populations, Axconltions 
Lmproved, these groups with newly evolved characteristics would multiply apily, 
expanding in numbers and across territory * The emergence of antecesor and 
heidelbergenss sated to between 1.2 milion and 800,000 years ago, roughly 
‘between the fist break with the 41K World and the Mid-Plelstocene Revolution, 
‘when the earths climate settled nto the strong 100K pattern. The entire period 
la marked by strong evidence for both extreme arity nd lake formation in East 
‘Aftica, apparently the marker ofthe whiplash of precesional-inslaton variability 
‘uring a strong eccentricty period running from about 1.1Y to 850,000 years ago, 
followed bythe fst of the glacial shocks of the1OOK World 30,000 yearsof cold 
nd glacial conditions between 900,000ybp and 870,000ybp (IS 22).*¥ 


anne crygen tote ages sae calcalted fromthe rato of ER 
‘sotopes ta ana 1a recovered cane taken rom ancient cca sediment 
ecaueitilighter Oye anit evaporates and ects tends tobe remove 
the yeaa yeter of tmosphare ad oceans and depoctedin lai ie AB 
tee sheca develo daring acation ad Oyainemgesielystrpped frente 
ocean plniton incorporates ©} in ther hele Thus during pail prods 
relatively lest Oj and mare Og is dporae in oeanseiments The result 
lathat iments deposited during haciatons are ensche and pail 
sequencecan betracked by measuring very smal shin the aio these to 
‘ype intopes ach of thes onypen tape stages hat been measured and 
numbered general odd oumbered tages were warm intergiacalrand even 
numbered tages were cold laials Meares of stmonphric CO; inpolarice 


sunning back 850,000 years mire then ageinceean sediments proving 
further evidence that 0/0; tatior ae goad mearurecf aba tempest 


‘Wecan suggest, therefore, that there would have been very diferent evolutionary 
‘consequences ofthese climate cycles in both East Africa and the regions tothe north: 
North Aftis and Eurasia. Strong high-eccentricity epochs drove extreme climate 
‘variability in East Aftca but coincided with moderate interglacial times inthe north; 
‘conversely, ow eccentricity moderated Fast African climate change, while it rove 
‘continental glaciation in the north. Thus evlutionary pressures would intensify 
Inthe East African hearth during high-eccenricity/interglacal times, while the 
survivors ofthese bottlenecks would be drawn tothe moderate northern climates, 
(On the other hand, dispersed northern populations would be pushed south or 
‘destroyed by advancing glaciation, while low eccentricity stabilized climate in East 
‘Aftiea allowing population expansion fom slated refuges Thus interglacial times 
‘would have been periods of evolutionary stress in Eat Aftica and species dispersion 
to the north; glacial times would have been times of the contraction of northern 
populations andthe expansion of East African populations. 

Here we can suggest some tentative interpretations ofthe northward digpersl of 
transitlonal posterctus species. Petapa the appearance ofanteceuorin southern 
Europe by 123 was a manifestation ofan early Afican evolutionary crisis (high 
eccentricity at 1.4-1.2MY) spreading into northern frontier ofthe wider African 
‘loregion not yet affected by serious glaciation. Acheulian artifacts and associated 
ste attribute to heidebergencis on the Dead Sea in rae are date to 780,000 
_years ago the interglacial MIS 19, and recent work has demonstrated that ether 
‘antecestor oc hidelbergensis had reached as far north a boreal forests in southern 
England during interglacial periods at ether MIS 21 (866-814,000ybp) or MIS25 
(070-936,000y6p) But sucha northern occupation would have ben intermittent, 
asthere populations were driven to extinction or back toward southern refuges 
‘uring the intensifying placa periods of the 100K World. The Acheulin handaxe 
first appeared in india by 600,000ybp (interglacial MIS 15),andby 500,000) 
(Gterpacial MIS 13) was permanently established with heidlbergenss populations 
Ansouthern Europe” 


‘Over the next 200,000 yeast appears that we can speak ofa gradual 
sifferentation ofa common proto-moder heidlbergenss word running 

from eastern Africa through southern Asia as far as India, and northwest int 
[Mediterranean Europe?! (see Figure1S). During warm, wet interglacial times when 
the Sahara bloomed into a bountiful savannah and Eat Africa probably suffered 
‘extreme precessionary cycles of dry arid periods and wet monsoons -there would 
have been population expansions in the north, fed by bottleneck survivors from 
the south; during cold dry glacial times the deserts returned and residual northern 


‘populations would be cutoff from an expanding Eat African hearth 2? During 
‘this period, under the pressurecf the gacations, the European and west Asian 
heidelbergs gradually speciated into the cold-adapted Homo neanderthalenis around 
'500,0003bp °° But i wasin Africa during the Saale glaciation, 250,000-240,000yp 
(5.8), that the frst evidence of atechnological breakthrough appears the fist since 
‘the iseofthe Acheulian almost a million and half years before. This key transition 
‘rings us to two great debates that hve been raging in the past decade over the 
origin of modern humanity Both ofthese debates have reached points of relative 
‘resolution, and in so doing have generated very useful stepping stones for thinking 
shout human history inarough worl over the ensuing millenia, 


Modern Humans in the 100K World 


“Together with the Neanderthals, modern humans comprised «final evolutionary 
‘pulse in the hmnnin ine. This inal transition the subject ofa veries of heated 
‘debates among anthropologists. The mot fundamental debate regards the time and 
place in which modern humans - Homo sapiens ~firatemerge, From the 1940rto the 
1940, a model of “multiregonal evolution” prevailed inthe explanation of modern 
human origin tn this understanding, there was only one dispersal trom Africa, that 
‘of Homo erectus more than a milion years age, from which modern humans evolved 
{nthe different Old World regions. European archaeologists firmly believed that 
the fist such regional evolution occurred primarily in Europe, followed by others, 
‘with Atican modern emergence coming lst. By the early 1980s, discoveries of 


published the frst sequencing of mitochondrial DNA, which indicated that alliving 
‘women carry mtDNA that “coalesces" ata root origin roughly 200,000 years ago®! 
After almost two decades of controversy and intensive research, this date stil stands, 
‘buttressed by an impressive array of work that has established the genetic outlines 
of an increasingly clear map of the origins of modern humans in Africa between, 
'200,000ybp and 100,000ybp, and ther spread around the world in final, modern 
Aispersal after 100,000ybp. The advocates of “multregionalis’ have retreated 
considerably, but evidence now suggests that there very well might have been a 
limited contribution of Eurasian Archaic genetics into the human modern genome? 


‘Asthis enetic debate moved toward resolution, a number of archaeologists 
began to critique the standing model of cultural nd technological transformation. 
‘Since the 1920s, European archaeologists have argued that a great transformation 
‘occurred roughly 45,000 years ago in Europe, with the sudden emergence of 2 

‘dramatic new ara of artifacts an explosion ofnew finely made tools, evidence 
forclothing, and symboti art This has ben known as the ‘Upper Palealithic 

Revolution” and has been the central evidence for radically new mental capacities 


that marked the beginnings of humanity as we know it. An influential school of 
thought has arued that this artifactual orescence must have been a product ofthe 
‘emergence of modern language ablities. Under sustained stack, this understanding 
has been overturned in the pat decade 

‘This reassessment of medern human origin hinges on both new genetic 
{Information anda well-known artifact transition. The Oldowan and Acheullan 
traditons-—the cobble tools and endlessly repeated handaxes of early Homo and 
«rectus ~are known in archaeological scholarship asthe “Lower Palealithic” or 
the “Afican Early Stone Age” It was during the Sale glaciation (MIS 8) after 
'20,000ybp, thatthe handaxes ofthe Lower Paleolithic Acheulan gave way toa 
‘Mide Palelithic” or AStican Middle Stone Age” Here the basic processing of stone 
shifted fundamentally. The Okdowan and Acheulian had involved an essentially 
subtractive process. Stones were roughly or finely chipped away toproducea final 
‘object. The Middle Paleolithic revolved around the “Levallos" method: herea core of 
‘tone was prepared, and then flakes were struck from tis core, becoming the bass 
ofa final produc. This was an entirely new thought process in the sequencing of 
‘manufacture. The result was a quantum leap in cutting edge per pound of stone, and 
the essential method would persist until stone tols were replaced by bronze and iron 
several thousand years ago ** 

‘Terminology for these periods is differen for diferent regions: the European 
Middle Paleolithic iscomparabeto the “Middle Stone Age” in Atica, and the Upper 
Paleolithic tothe Late Stone Age" A more universal terminology frst proposed by 
archatologst Grahame Clarkin the 1970s has now been revived viding stone 
tool manufacture around the world into five “Modes,” which the Oldowan cobble 
choppers are Mode the Acheulian is Mode 2, nd the Levallois flake tools of the 
Middle Pleoitic/ Middle Stone Age are Mode 3.°° Aste genetic picture started to 
‘become clearer and carefully excavated sts from southern and eastern Africa were 
‘Published over the cours of the 1990s, archaeclogists began to see the new tools of 
[Mode 3 developing after 280,000ybp as increasingly significant. 

‘Among scholars fxated on the importance of the Upper Paleolithic transition at 
45,000yp, the new African evidence was startling Barbed bone harpoons, tiny shell 
‘beads, and engraved stones all evidence of art and body omament, were emerging 
‘om ste in central and South Africa with dates running from 70,000ybpback 
095 000ybp, tens of thousands of years before their appearance inthe European, 
record. Evidence forthe use of pigments, grindstones, and Levallois baer designed 
for making composite tools ll assumed to frst appear inthe European Upper 
Paleolithic have been found in African ites dating back to atleast 280,000ybp, the 
eraof the MIS glaciation ® The result of this new workin genetic and archaeology 
has been to fundamentally restructure understandings ofthe origins of modern 
humanity: The European Upper Paleslithic is now downgraded ints importance it 
Isincreasingly seen as an extremely well-studied sideshow tothe main event,one 


‘moment of many inthe wider dispersal of modern humans ranging out of Africa 
‘Attention isnow focused on the requenceof events unfolding in many parts of Afica 
‘between 300,000ybp and 45,000ybp.°7 

‘This sequence falls within a series of changes and expansions that lke those of 
antecesor,heidelbergencis, and Neanderthal correspond quit tikingly withthe 
sequence of glacal/interplacils-high/low eccentricity periods between 330,000 
1nd 70,000 yeas ago (BIS to MIS 4, asthe climate regime of the"100K World” grew 
‘increasingly extreme. 


‘Two posible scenarios might explain the ro of placiations in the ertieal shift 
to Middle tone Age technology around 280,000ybp, in MIS8, One model might 
‘uggest that, atthe onset ofthe MISS glaciation, smal stressed populations of 
‘Aftian heielbenpenis achieved a technological breakthrough.** But this asrumes 
‘that glacial conditions wee stressful in East Africa, when appears that it was the 
{interglacial megadroughts that were hyper-stressfl. And much glacial impact 
‘model als les in the face of new thinking that argues thatthe spread of new 
technologies was driven by rising populations, not aling populations. When all of 
the evidence ain, Lsuspect that the records will show intensified drought conditions 
ln East Africa during the high-eccentricity interglacial at 330,000-200,000ytp 
(IS) a 225,000-190, 0009p (MIS7) (ace Figure LS). In this perspective it would 
have been the expansion from a MIS® bottleneck that marked the known emergence 
of the new stone tool technology in glacial MISS -280,000ytp). 

By current evidence, the ensuing MIS7 interglacial epoch between 240,000y6p 
and 190,000ybp was the decisive moment inthe emergence of modern humans: 
anatomically modern Homo sapiens(AMH) seems to have emerged inthis interval, 
‘The evidence on this critical transition has been radically changed bythe redating 
ofthe anatomically modern fori Omo-Kibish region of Ethiopia. Once thought to 
have been 130,000 years ol, they are now dated to 195,000yfp. Another new rt of 
fossils, rom Herto in Ethiopia, have been dated to 185,000-160,000ybp °" Again, 
severe environmental fuctustions seer to have been a work Between roughly 
225,000ybp and 190,000ybp,theheight ofthe MIS7 high-eccentricity period, with 
the most extreme swings in precession and inslatin since 600 000ybp, there must 
‘have been a series of intense mepadroughtsin East Attica ”°The dates ofthese Omo- 
ibis fossils may reflect the expansion of post drought populations after an intense 
‘population crash and bottleneck shaping a fundamental evolutionary emergence. 
‘The genetic evidence suggests a similar interpretation: key markers ofthe origins of 
the fixing of modern human genetic origins date from 200,000ybp and the millennia 
following. The approximate moment ofan ancestral “mitochondrial Eve" hasbeen 
‘established at roughly 200,000ybp. Various dates for an “Adam based on the male- 
‘descended Vchromasome-tend tobe somewhat younger thecldest dates estimated 
‘are 147K +/-51K, 134K+/ 45K, with outside ranges falling near the Eve date at 
around 195 000ybp and 180,000ybp.7* 


‘Modern skulls suggest moder capabilities to virtually all paleontologists. The 
‘hulls of Homo sapiens show a final stage ina process of enlarge cranial capacity, 
shortening and flatening the face and pulling t under an enlarged cranium that 
provided more room fora larger cerebral cortex. These were changes under way 
‘when the aver ofthe Oma 1 skull lived his fet 195,000ybp, and they clearly mark 
4 fundamental transition t new mental capacities that allowed compartmentalizd 
sls tobe synthesized into an integrated intelligence But apart from ste and 
general shape, theres no consensus on how to read mental madernity fom 
‘the inside surfaces of fos skulls, and the debate over the origin of complex 
language proceeds with no end in sight At the moment, some of the best evidence 
Is cireumstantial Mark Collard argues that modem humans and Neanderthals 
‘comprised final ‘grade’ inthe human lineage, distingushed from eater species 
by their larger brains; anew analysis finds modern humans distinguished by «full 
‘enlargement of the parietal lobe, which governs complex integrative thought and 
behavior. What may have dstingulshed moderns from erectus and the archales 
‘ummuch lower rate of childhood development, ax measured in growth pattern in 
fost teeth. This delayed maturation is atime required to assimilate the complexities 
‘oflanguage and culture a shorter maturation would ready individuals for a shorter, 
less complexlife. And Hen Marwick argues thatthe great distances fom which 
‘modern humans acquired stone to produce artifacts, upto 400 kilometers, must have 
ruquired complex systems of negotiation and exchange and suggests that the leap 
from protolanguage to complex language occurred somewhere around 130 000ybp. 
Behind these increased capacities may le what Thomas Wynn and Frederick 
Coolldgecall"enhanced working memory” the ability to plot complex strategies 
through time and space based on remembered experience. Matt Rossano suggests 
that “enhanced working memory" and cognitive control would have been developed 
Inthe elaboration of repeated rituals binding parents and children and peer to pee 
‘There is alsothe genetic evidence about language skills In one set of inquires, 
work i ongoing tofsolate a “saltational” jumpin the genetics ofthe organization 
‘ofthebrain, investigating how the asymmetries ofleft and right hemispheres are 
elated to language -and to schizophrenia which may have been launched by 
‘huffing of genes on the X and ¥ chromosomes"? In another promising line of 
‘work, geneticists have isolated the uniquely human variant on the FOXP2 gene, 
‘controling human ability to speakin coherent and grammatical sentences When 
‘might this mutation have occured, and then swept through human populations? 
“The irst work posits that thefxing ofthe FOXP2 variation is absolutely younger than 
200,000 years old, and te have a95 percent certainty of being younger than 120,000 
‘years, Ifso, FOXP2 would bea trait unique to modern humans Subsequent work 
found FORP? in Neanderthal genetics, but the most recent analysis argues for eitical 
distinctions between Neanderthal and modern human manifestation ofthe gene 
“This suggests that certain language capabilites wee shared among the common, 
“ade” of modern humans and Neanderthals as postulated by Mark Collard, and may 


Heidelberg descendants of. erecta Complicating the issue, modern fossils 
‘discovered in the Levant were dated to as erly 110,000ybp, but seer to have 
‘sappeared by 80,000ybp. A "multiple dispersal” model proposed inthe early 19901 
essentially argued for three modern “out of Africa” depersals First, dispersal of 
Mode 3/Midate Paleolithic moderns moved through the Sinai tothe Levant around 
110,000ybp, failed by 80,000ybp, and was followed by a second successful Mode 3/ 
‘Mide Pteclithic dispersal around 60,000ybp, which crossed atthe Horn of Africa 
Into Arabia, and then followed coastal routeto South and Southeast Asia, eventually 
arriving in Australia by 45 000ybp. The thin of these multiple dispersals carried 
Mode 4/Upper Paleolithic technology ona northern route up the Nie Valley tothe 
Lvantand into the Eurasia interioe”® 


‘Advancing tule of mitochondrial DNA and the Y chromosome complicated thir 
scenario. First, t snow clear that there could not have been two dispersals because 
both the mtDNA and Y chromosome sequences indicate that al of modern humanity, 
outside of Ati shares single mtDNA lineage (12) and Y chromosome mutation 
(M168) with northeast Aficane Such a pattern could only bethe result of asingle- 
polnt migration ofa very small group.”® Second, it appeared that madern humans 
had suffered severe population crashes - evolutionary bottlenecks after splting 
{nto small, genetically islated populations estimated by geneticists at sometimes 
between 100,000ybp and 70,000ybp. These bottlenecks at bes estimate left 10,000 
reproducing females in the entire human lineage. These small slated populations 
‘then grew and expanded ater 50,000ybp. Scholars have argued that the cause of 
‘this bottleneck was the massive eruption ofthe Indonesia volcano Mt. Toba roughly 
173 S00ybp,blanketing South Asia with achfall having nown impacts as fara 
‘the Arabia Sea andthe South China Sea, and possibly setting of “volcanic winter" 
conditions globally for several years or decades” 

“Thue the hunt for an exodus of moderns “out of Africa" has been narrowed toa 
‘single “episode the timing of whichisnmow a matter of grat debate. I'genetics 


‘imposed the constraint ofa single exit, climate imposes another set of constraints 
Interglacil periods with warmer northern conditions but highly erratic conditions 
{in East Africa would draw populations north, but relatively high ses levels might 
block movement across the Red Ses. Hypothetically transitional intervals of 
‘warming climate might be the best suited for such migrations, assuming that sea 
level rise lagged behind warmer temperatures Such conditions might have pertained 
st around 60,000yp, the beginning ofthe moderate warm-up of MIS3, and until 
‘recently the general favorite choice fora single modern human migration out of 
Arica. "* But such conditions were much more obviously evident at the beginning of 
‘MISS, the Eemian interglacial, t 135,000-116 000ybp. Andit is here thatthe genetic 
trees ~and well-dated archaeological evidence - are beginning to establish a new and 
Integrated model fora pulse of modern human expansion. 

‘The outlines ofthe division ofVchromosome and mitochondria DNA lineages 
tellthe base story of the eruption of modernity within and “out of Africa” The 
RDNA sequence is longer, apparently because more men died without reproducing, 
truncating the ¥ chromosome history”? The posibie*mtDNA Eve," or root ofthe 
branching tree of mtDNA, pit into African branches LO, L1,1L2,and13 between 
140,000yp and 80,000ybp, apparently reflecting the first surviving peneticx of 
‘Atican divisions of the modern human lineage, a least at recorded in the genetic 
lneage of women, who inherit mtDNA intact from their mothers #° The currently 
etmated root ofthe ¥chroenosome tee the“ Adam”—\4 at 90,000ybp, with 
later split at 62,000ybp and 68,SOOybp. Again, the dates of these divisions inthe Y 
neage rfc the earliest nown African genetic divisions. They also suggest that 
there divisions occurred during the demonstrated impacts of mepadroughts in East 
‘Africa between 130,000ybp and 70,000ybp. These divisions apparently reflect the 
first fusions of moder humans away from an East Aftian hearth and toward the 
‘stablishment of pmetically isolated populations"! 


‘These fist modern dispersals sem to have moved in all directions from enstern 
Attica (For contest, see Figure L6,)In southern Africa, modern human populations 
were producing shell beads and complex carving in aburstof advancing creativity 
‘by 77,000ybp. But the more rapid movement may havebeen tothe north and the 
northeast, because the first phase (ISSe ofthe very warm Eemian interglacial 
conditions around 135,000ybp drew Atlantic monsoons across the Sahara desert 
at the sametime that a high eccentricity "megadrought” completely dried out East 
Aftica One of these earliest dispersal moved noth via recently discovered 
‘corridor of ancient rivers running through the Sahara in Libya, westof the Nile. 

‘An advanced Middle Stane Age tool tradition -the Aterian—found throughout 
this Sahara corridor and along the North African coast has been dated toa early 
135 110,000ybp.** To the ens, sell mounds onthe Red Sea shores of Eritrea mark 
Middle Stone Age coastal adaptation dated to 125,000ybp. From roughly here 
_another parallel movement of modern humans carried 2 related tool tradition across 
‘the Red Sea from the Hom of Afica into southem Arabia by theeary Eemian. Asite 


‘onthe Persian Gulf has reported Mode 3/Middle Stone Age tone tools with Aftican 
aMfnities to 127,000ybp and 123,000ybp, and a series of stern Oman report very 
wel defined cluster of MSA tools that have affinities to stonework common atthe 
same time in the Nile Valley. The fist fosss of modern humans in the Levant date 
between 110,000ybp and 90,000ybp. Hypothetically, modern humans would have 
ventured across a low-water Bed Seaby the end of MIS6, roughly 135 000ybp, and 
then spread across Arabia as far asthe Levant during the ensuing warm and humid 
emian, when the Indian Ocean monsoon would have brought precipitation fr into 
the Arabian desert 

‘Some ofthese ist modern humans dispersing within and beyond Africa were 
not that successful, however: Modern humans in the Levant fed in the face of 
the dvancing MIS¢ glaciation by 80,000ybp, and the Aterian disappeared from a 
‘desiccating Sahara by 60,000ybp, as dd the orescence of advanced Middle Stone 
‘Age cultures in southern Afica The combination ofthe extreme dry conditions 
stoclated with the cold ofthe MIS glaciation, perhaps in combination withthe 
‘enormous volcanic explosion of Mt. Toba in 73 SO0ybp, severely reduced biological 
‘net primary productivity, with asevere impact onthe fortunes of modern humans"® 
‘On the other hand, new evidence suggests that Middle Stone Age peoples were 
{n southern Inia before the Toba eruption, and survived the eruption with ttle 
cultural disruption? 

India might have comprised one of two oases for Aftican-derived populations, 
potsiblyintermixing toa mal depzee with Asian archaic peoples. One camp sees 
South Asi, with ts vas landmass and diverse ecosystems, at a refuge for modern 
human poplatlons that had left east Afi around 130,000ybp, and which had died 
‘ut inthe desiccated regons ofthe Levant, Arabia, and the Persian-Baluch coast, 
From this a yet-bypotheical Indian refuge modern populations spread south 
toward Southeast Ata, reaching Australia at some point between 63 000ybp and 
45,000bp. Thete southern populations comprised one oftwo parallel groupings 
‘that marka great vision among non-African peoples, diving those of Oceania, 
running from the Andaman Islands to Australia, and the people of allof Eurasia and 
the Americas This second stream of genes and peoples conjectured to have moved. 
back from Inia to the Persian Gulfregion and from there north (and west back 
Into North Africa) around 45,000ybp into the tundra lands, splitting into ahast of 
_Benetic branches that matk the peoples of Eurasia and the Americas." By then these 
‘peoples had developed their own versions ofthe advanced “Mode ¢"microlithicblade 
‘technologies that had appeared sporadically in Aftca since 90,000ybp. 

‘Another camp posts a different Asian refuge for modern bumans During glacial 
periods, the Persian Gulf would have ued into broad valley fed by rversand 
springs a “Gulf Oasis" for bands of tuman descended from the fist Out of Atica 
‘migrants as well as Eurasian Neanderthals If so the surviving archaeological record 
reserves evidence of interglacial occupation of regions that dred out during the 


_Bacations, while the great body of glacial period evidence lies under the Gulf. In 
‘this model the Gulf Oasis would have provide the source fora series of pulses of 
‘population across the southern route to Australis, north into Eurasia and backinto 
‘Aiea? 

‘The archaeological evidence for modern humans in Arbia and southern India 
‘before 70,000ybp is extremely new and controversial in gret measure because no 
sctual modern human feel tones have been found yet in association with these 
artifucts Arguments for their being made by modern humans are based on their 
typological properties. Thereisalso the issue ofthe dating of the genetics. The 
‘mtDNA 13 marker dates to 84 000ybp, and the Mode 3 tools on the Persian Gulf date 
from 127,000ybp atthe eres. Generally, however, there is increasing suspicion of 
the coalescence dates in genetic analysis, and its contribution is increasingly seen 
1s establishing relationships among populations, rather than firm chronologies? 
“Thus the new single out-of Atica dispersal to Arabia and India willbetested and 
challenged inthe year o come 

Accounts of outof-Aftia expansions conjure up intrepid modern bands trekking, 
‘vat distances acron barren, empty wastelands. Buta goodly portion ofthe Old 
‘World had been occupied if thinly -by proto-humans, Heidelbergs, Neanderthals, 
tnd even perhaps distant descendants of Homo erectus What happened When 
‘here proto-humans encountered moderns spreading out of Aftica? What exactly 
“expanded: people or genes? Did modern Aticanspysially move or did tele 
‘Benes "move"? Ths quetion hasbeen the subject ofa great struggle among paleo- 
_Renaticsts for the past decade, and a huge amount of work now suggests that, 
‘while the mtDNA and Y lineages eect the expansion of modern characteristics 
‘ut of Africa, the bearers of thote genes may have mix and hybridize with Local 
‘premodern peoples, daxcendants of the anteceiorheidelbergensi, Neanderthals, 
tnd even posiby the slated East Asian erectus populations occupying southern 
Eurasia atthe time ofthe modern dispersal It would appear that there may well 
have been some modern/premodern genetic assimilation asthe transition to full 
‘lobal human modernity occurred*! What remains tobe determined is bow much 
ofthis premodern genetic materia survived inthe population that inthe late 
Pleistocene were filling up the world, and that comprise the basic genetic background 
to contemporary humanity Ifthe recently completed preliminary sequencing of 
the Neanderthal genome s any indication, this archaic assimilation was minimal: 
the estimate is that Neanderthals might have contributed 1 percent to 4 percent of 
the European genome. so, this study indicates that this connection was made very 
‘arly in the nan-African modern human experience, somewhere in the Middle East 
‘or South Asia before the Oceania-Eurasian divergence, because all non-Afticans beat 
‘marks ofthis Neanderthal relationship”? 

Another recent established connection opens the door, however, tthe 
assimilation of even further bits and scraps archaic DNA. The genetics of finger 


bone from a cavein Siberia suggests that a distinct archaic people now called the 
Denisovans may have cccupied much of East Ass, apparently 2 parallel grouptothe 
western Eurasian Neanderthals diverging perhaps 600,000 year ago. As much as 7 
percent ofthe Melenasian genome, carried bythe peoples of Papau and Bougainville 
{southeast Asi, may be derived from this enisovan background, Such a 
‘connection would have happened tens of thousands of years ago somewherein the 
‘complexities ofa circulation of peoples in Asia that is now only being glimpsed. 
Further genetic studies ae inditing that some of these small contributions of 
archaic human genetics to the modern genome involve the immune system, 
providing valuable protections against pathogens in Eurasia. ** Certainly, then, 
‘modern humans carry tiny inheritances from the thin scattered premodern archale 
populations of Eurasia. But by far the most significant genetic human inheritance i 
shared with modern Africans, transferred in single migration across the Red Sea~ 
perhaps inthe great Eemian warm-up 135,000 years ago, 


‘The Modern Origins Debate and a Renewed 
Understanding of Mortality 

Sucha the emerging resolution of the strugse between two polarized 
Interpretations forthe origins of modern humans the Multreponal hypothesis, 
poaiting multiple descents from scattered populations derived from Homo erectus, 
andthe Facet African Origins hypothesis Ithis debates being etd on terme 
strongly favoring the Recent Afican Origins poston, tix worth working through 
ane of Mutireglonalists'hey contributions, st bears on questions about humanity 
rough journey that wil be the central focus of the rest ofthis book. 

‘Very simply, as humanity became human over the las sections of the Pestocen, 
something new entered the equation. The Court Jester, fot tamed, had meta 
worthy advertry and Gouldian punctuation would take on anew meaning for 
thismew speces Armed with culture and technology, medern humans were abe to 
push back against nature. Where naturehad driven the relationship, now culture 
was bepinningto level the playing fli: few thousand yeas later, in aninstant of 
_eclogcl time culture would begin to get the upper hand. But thereis one thing 
‘pon which thetwo sides ofthe origins debate rein agreement: prior to modernity, 
isolated human societies were subject to utter extinction ona regular basi,and— 
ironically -such extinctions were part of the natural process of evelition. 


In theearly 1990s, as evidence forthe Recent Aftican Origins position war 
beginning to take shape, a series of seminal papers established some basic genetic 
‘parameters for modern origins First, the fective population of reproductive 
‘women involved in the speciation event was extremely small,no more than 
10,000 individuals. Second, etic loc indicated that al human populations 
had experienced an evaltionary bottleneck early in their history followed by 


‘expansions. And third, when populations di expand, Afican populations led 
the way, and were much lager than non Aican populations for some time after 
the modern dispersal into Eurasia and points beyond.” Of these three points the 
smal “effective population size" was the most damaging tothe interests ofthe 
‘multiregiona evolution model. nthis“multirepional” interpretation, modern 
‘humans evolved separately out of Homo erecturin Africa, Europe, and Asia over 
millions of years, but maintained ther commonality asa reproductive species by a 
Brownian motion of ene flow between distant populations An effective reproducing 
‘Population sizeof 10,000 was simply arto few toallow fr this gene flow, andthe 
‘multinegional concept was in deep trouble >> 

‘In defending their embattled argument, the multiregional advocates arrived at 
two important ideas. Oe s the hybridization account summarized earier in this 
‘chapter, presented a a"wave of diffusion” Hereisit is genes that move, more than 
people. Thus genetic modernity emerge in Africa, as suggested bythe mtDNA and, 
‘Ychomosome lineages, and rolled across the Ol World ina genetic wave, in which 
local populations were transformed in “wavefront” where modern and premodern 
ienes were mixed into new combinations In this thes, the observed genetic 
bottleneck occurred on the wavetrot itself, and notin the founding population. 
Critic are willing to concede a certain small degre of hybridization, but the iden of. 
the founding bottleneck has not yet been abandoned?” 

‘The other iden addressed the problem of effective population sie, and provides 
| useful opening ont the rest of human demographic history Inthe midst of 

the 1990s, anthropologist John Relethfond reconsidered an ld argument about 
effective population szes, developed by geneticist Sewell Wright inthe 1940s. In 
‘brief, a xmal effective population size as detected in genetic history -need not 
reflect a small census ie, and thas a small occupied teritory Rather, thetotal 
‘census population or metapopuiation~ might be maich lager than the effective 
reprdcing population effective in the sense of leaving genetic heritage at later 
time) because of continuous rmal-scale population extinctions and colonization. 
“Thus Relethford resurrected Wright, a venture carried on at length by his student 
Else Er and conjured the traditional grim picture of the istocene, when ite 
‘was nasty, brutish, short, and subject tothe entire obliteration of local populations 
Ifthe bands of hunter gatherers in a teritary were driven toxtinctin by climate 
extremes or volcanic eruptions at "time A thir territories would be recolonized by 
expanding adjacent groupe at “times Cor "reestablishing contact across gap, and 
‘maintaining gene low. The multiegional evolution model was thus a possibility? 
Perhaps, The sum ofthe genetic evidence would suggest that the contribution of 
the regions was not an equal one, and that the advantageous modern African genes 
rolled over and literaly buried the premodern Eurasian genes The extinction and 
recolonization model hasbeen somewhat arbitrarily applied, and fails to account for 


‘the barriers of distance and gengraphy that separated elements ofthe Pistocene 
proto-human metapopulation ”? 

‘Bat the general framework of extinction and recalnization is extremely helpful 
In conceptualiing the gradually changing circumstances of humanity during the 
Pocene andthe Pleistocene, circumstances that involve the well-being of human 
populations as technology began tocontain the ravings af the environmental 
Court Jester During the 1960s and 1970s, the schoo of cultural ecology argued 
persuasively hat human populations during the ce ages were very small and very 
‘table and thes ow Paleolithic populations were attributed toa careful regulation 
of fertility by hunter gatherers working to maintain a balanced relationship witha 
region’ carrying capacity. These were- according to this long-established model~ 
populations distinguished by both iow fertility and tow mortality. °° Attuned tothe 
environment and carefully controling thelr numbers, cultural ecologists argued, 
Paleolithic peoples live in an idl "original affluent society” 

Routine health of Paleolithic peoples does ser to have been reasonably good: 
adults grew to considerable stature compared to thei agricultural Neolithic and 
Bronze Age descendants 9 Certainly populations di indeed grow when people 
settled Into villages inthe warm Holocene and then developed agriculture and in 
aggregate Paleolithic populations did not grow significantly by comparison with 
what was going to come. But the cultural ecologists‘ assumptions about population 
regulation among hunter-gatherer and Paleolithi peoples have boen challenged and 
rajectad inthe face of new work Studies ae showing that modern bunter gatherers, 
can fncrease thelr numbers quite dramaticay, leading demographer Charles Keckler 
toaskof the Palelithl, “where dd al the people go? By his estimate Palelithle 
srowth rates were between thre and seven times lower than observable modern 
populations of hunter. gatherers, uch a the Rung Bushmen. Given the probable 
trajectories of population growth over long periods of time, there should have 
been far more humans aliveat the end ofthe ice ages by one estimate, given the! 
ung growth rate(.7 percent), a population of 10,000 would reach 6 billion within 
1,900 year! Keckler and others have been arpuing quite effectively that Paleolithic 
peoples were not restricting ther fertity all that much, but that episodes of crisis 
mortality were the fundamental force at work limiting thelr numbers toa virtually 
stable population over many millennia, Recent genetic analyse suggests that Upper 
Paleolithic annual growth rates were microscopic, somewhere between.007 percent 
and02 percent. 12° 
Crisis mortality in Paleolithic societies probably was driven by two forces erupting 
‘out of nature. The firsts infectious disease spreading from contact withthe natural 
‘environment: an infection picked up skinning an animal would have lashed through, 
‘Aband with often terminal results the Afvican savannahs may havebeen infested 
‘with tsetse ies carrying trypanosomiasis, the vector for sleeping sickness But 
the cause of variable crisis mortality in the Paleolithic must have been rooted in 


‘he extreme instability incimate Rather than carefully restricting their fertty, 
Paleolithic peoples lived with the constant threat of extinction hanging over their 
heads, andthe ocasional opportunity of recolonisation, expanding, and contracting 
‘withthe ebb and flow of environmental conditions, During the northem glecations 
‘or Afican megadroughts, some of these populations would have been devastated, 
‘with both children and adults dying at high ates, and significant local pockets would 
have ben completely wiped out, tothe degree tha during these periods Paleolithic 
peoples were few in number a tobe virtually “archacologically invisible because 
so few sites for many ofthese periods have been found. During the stability of glacial 
periods in East Avica or the warm northern interglacial, populations expanded 
‘dramatically with the higher carrying capacity -and became “archaeologcally 
sible"! Extrapolating from the way contemporary human populations adjust 
to food shortages by achieving adulthood with smaller bode, Massimo Livi-Baci, 

| European historical demographer, has suggested thatthe human populations 
sdjusted othe constant battle with shifting climates and erratic subsistence regimes 
‘throughout the Pleistocene, not only through changing numbers of survivors but 
through the changing physical sizeof survivors they would have been shorter in 
stature and have weighed less. Thus the human capacity to survive searcty =f at 
‘rmaller‘phenotypcal size” to produce the next generation may have been part 
‘ofthe wider Pestocene oscillation of which extinction and ecalonization was the 
‘extreme manifestation 


It the fll-scale transitions between glalations and interglacials were the sole 
sources of climate variability then it certainly possible that Paeolithe peoples 
might have been able to move with climate variation, especially given the typically 
Jong low onset of placations, a the earth moved into 8 100K placa period. But 
_lacas on the scale of exypen isotope stages were not the entire story: For the sake 
‘of simplicity Ihave set aside discussion of much smaller scale variations, set within 
both glacals and interglacials tn the past two decades, climate cientists have 
Aiscovered that climate during the 10,000 years of the pst-lce Age present, the 
Holocene, has been uniquely stable, almost surreally fat, compared tothejagged 
Instabilities of the Pleistocene Riding inside the numbered oxygen totope stages 
ofthe Pleistocene were a myriad of smaller-scale but profoundly abrupt shifts in 
‘imate Starting inthe 1960s, evidence for such short-term variations began to 
‘emerge from Greenland ice-driling projects and then from North Atlantic seabed 
Artin, and they have been carefully documented inthe year following. “Heintich 
event” were extreme punctustions of cold during glacial periods, lasting several 
‘hundred to several thousand years, when surging continental glaciers sent ets of 
‘icebergs across the North Atlantic, and CO; levels plummeted by as much 20 ppm. 
‘The Heinrich events were et within cycles of increasingly extreme Danspaard- 
(Oeschgerevents"in which at ~1,470-year intervals the glacial climate warmed 
‘suddenly, and then tailed back ino glacial conditions: thelast 70,000 years of 
_laca history were punctuated by mare than twenty Dansgaard-Oeschger warming 


spies and at least six deep Heinrich iccbore (see Figure6) These sharp and rapid 
pattems of climate variability - what William Burroughs ha rightly clled“a reign of 
chigoe"!7 had effects that reached around the globe 

“Though the exact caus isa matter of considerable esearch and debate, these 
warm spikes and cold troughs are seen as caused by complex changesin the great 
‘conveyor bet of ocean currents running north and south through the Atlantic and 
‘east and west through the Pacific. This system is primarily driven by what is known 
15 "hermohaline circulation,"in which currents of warm water moving toward 
‘Greenland become more saline and thus denser, eventually plunging tothe lor of 
‘the ocean and returning south at great depths. Pulses of fresh melt water flowing 
‘out othe Arctic or Antarctic iecaps altering the salinity and thus the density of 
sea watersin the Atlantic extremes slow or even stop this pump, leading to radically 
‘cooling global climates. During the last 100,000 years of the Pleistocene, warm D.O 
‘events may have set of the super cold Heinrich events, with a patter of increasing 
Intensity and old from 90,000 to 50,000 years ago, en long warm D-O events 
were broken by two deep Heintich events, down toabout 25,000 years ago when an 
‘owcilating balance set in, with ten warm but bref D-O event broken by four deep 
‘old Heinrichs, and nally inthe Last Glacial Maximum extreme cold prevailed, with 
‘only one D-O event at 22,000ybp until the sudden warming the final D-O event) that 
brought the Pleistocene toan end The D-O cycles, 470 years apart on average, 
may have been triggered by the combined effects of several cyces of sola activity!" 
‘The effects of thew cycles embedded in this ast stage ofthe Pleistocene were global 
tn scope. The warm D-O events can be measured in ie cores from both the Arctic and 
the Antarctic the coldest cold epochs saw ice rafts and vast fleets of cebergin the 
North Atlantica southward shift in the equatorial Intertropicl Convergence Zone, 
spas of aridity in Aftica (though by no means megadroughts), storms wracking the 
west coat ofthe Americas, nd weakened monsoons bringing drought to southern 
‘Asia !10 The super-eruption of the Indonesian volcano Mt. Toba adds another factor 
to there wil instabilities: volcanic eruptions would have powerful iftypcally more 
local impacts 


‘Asmuch asthe fll-scale glaciation, these abrupt and step changes in climate 
would have brought misery, crisis mortality, occasionally extinction, and even 
evolutionary bottlenecks to Paleclithic peoples, as wellas the expansionary 
‘opportunities to recolonie abandoned regions and to move into new territory. 

(One ofthese climate whiplash sequences might have matked an abrupt shift from 
"Neanderthal to modern humans in Europe In this analysis, the extreme cold of 
Heinrich event 5 drove Neanderthals into folate refuges around 48,000ybp, but 
‘during the sudden warm-up that followed modern humans migrated deep intothe 
‘wooded landscape and outcompeted their ancient cousins for control of Europe! 
‘Thus contrary tothe understanding of the 1960s nd 1970s- it would appear that 
‘humans were not children of nature living wisely inthe Garden of Eden, Rather, in 
‘times of plenty they were inherently opportunistic and expansionary, and repeatedly 


‘ald the price in times of want in devastating episodes of criss mortality and local 
‘extinction. 


Gould and Eldridge’s Punctuation Meets 
Boserup's Intensification: Toward aNew 
‘Understanding of the Upper Paleolithic 


‘This understanding of crisis mortality ~and the new understanding ofthe origins of 
human modernity in the African Middle Stone Age-leads toa new perspective onthe 
Upper Paleolithic orescence of human culture, and toa wider approach to human 
technological and demographic history Quite simpy, growing population densities, 
not just modern human capablities led to more elaborate materia culture. The 
Upper Paleolithic was thus less a “human revolution’ thant was an “intensification” 
Inthe face of stress For the fist time in history, cultural innovation rather than 
_Renetic mutation was emerging a the fundamental human response to natural 
stress. 


Punctuationa stress had been the fundamental story behind the emergence 
bof humanity from the Miocene pea, driven by the deepening instabilities ofthe 
Cenozoic lee House asa moderate“23K Woe” imate pave way tothe extremes of 
the “4140 and"1OO%" works: Here the motor of change was the climate ‘misery") 
and the unit ofchange was the gene But asthe human mind beganto blossom, a 


‘might led to cultural change -o loca population collapse. Now populations might 
Fee with something ofa bufer against threats to their survival. Andit is increasingly 
‘lear that within limits that we may benow approaching inthe twenty-first 
century ~larger populations meant more cultural imovation. A archaeologist 
Stephen Shennan as recent argued, “t appears possible that rates of succesful 
technological innovation may have ben cotrelated with population sizes and 
densities from the origins of hominin culture to the present"? Escaping mortality, 
frst and most particularly crisis mortality, brings an increasingly critical mass of 
human mind tothe problem of improving the socal and technological tools that 
shape our well-being. Here population growth was less a crisis than an opportunity 
“an opportunity to accelerate cultural evolution given critical level of exchange 
among growing and interacting modern buman societies 

‘These origins" do take us back along way. This story has taken us through the 
lUnked record of stone toot and fossil skulls tothe early Homa or late Australoptherus 
‘wielding a cobble chopper to scavenge ion-Slled gamefor the scraps of meat and fat 


‘that fed the rst encephaization after 2.75MY, 2s the moderate climates of the “23K 
“World gave way to the deeper instabilities ofthe“41K World tothe emergence of 
‘the striding, ditance-running erectus developing the erly Acheullan handaxe ae 
‘Atscan environments turned sharply arid at 18-1 6MY, and the early heidelbergensis. 
‘refining the Acheullan sometime after the transition tothe volatile climate ofthe 
"100K World Each ofthese transitions improved prto-human circumstances, but 
the sequence was solong and drawn out that we have to seenature-rather than 
‘culture asthe driving force. Tis calculus shifted with the train ofchanges that ran 
‘from 300,000 to 130,000 years ago: the transition tothe composite Levallostools of 
the Middle Stone Age and the Fist use of pigments and grindstones after 300 000ybp, 
the fist known anatomically moder people by 195,000ybp the fxing of modern 
language around 130,000yop. 

‘These millennia ofthe Middle Paleolithic now are understood asthe 
transformative human revolution,’ the point at which nature gave way to culture, 
_Renes began to give way to memes ~and roughly the beginning ofthe human 
‘condition as we know it. Thi a very new understanding, forged ina short and 
explosive decade of discovery, analysis and debate. It replaces an understanding that 
‘until very recently held ray, in which the “human revolution” wat angle event 
that happened around 45,000 years ago, as suenty the rougher composite tools 
ofthe Middle Stone Age/Midale Paleolithic gave way to the myriad complex types of 
the Late Stone Age/Upper Paleolithic, and as modern human band societies began 
to colonize the earth beyond Aftea. Sicha revision might cll into question what is 
meant by “punctuation” and “revolution,” because we ae now locking at series of 
‘events spread over about 100,000 years, rather than a single dramatic transition. But 
‘on the massive long-term scale of natural systems, these 100,000 yeas ofthe Middle 
Paleolithic were certainly revolutionary and “punctuational:on the scale of earth 
history, modern humans area sudden appearance and their history an accelerating 
thrust toward the fare 


‘Sowhat are we to make ofthe Upper Paleolithic, with ts explosively complex 
‘material culture, tsar, ts symbol making? Ifthis was not the “human revolution," 
what wast? Decades ago, agricultural economist Ester Boserup challenged 
Malthus arguing that population growth coulda often ead toan escape through 
Innovation asit might toa crisis of population and resources She proposed, 
that gradual intensification” of agricultural productivity, from slash-and-burn to 
‘various allowing systems to annual multiple-crop systems, accommodates growing 
‘populations. Thus cultural, technalogical innovation is driven by the demands of 
‘owing populations. Recently, a renewed appreciation has appeared for Boserup's 
‘ideas and an extension of them to presgricultural societies and tothe human 
condition asa whole. The emerging consensusis thatthe Upper Paleolithic was the 
‘rst "Boserupian intensification” in human history Rather than being shaped by a 
‘mortality crash and a genetic bottleneck, these Upper Paleolithic human populations 
for the first time— successfully and rather quichy deployed ther new cognitive 


‘powers to improve their circumstances when faced with a climate driven clash 
between population and resources Inthe new understanding, the Upper Paleolithic 
‘technologies are nt signs of new human capabilites, but of intenification®” of 
‘Middle Stone Age technologies dciven by growing populations endowed with existing 
‘modern capabilites encountering the effects ofthe final Pleistocene glaciation. This 
brings us backto the miseries" of criss mortality, and the questions that of human 
‘numbers inthe Pleistocene, the beginnings of demographic history. 

‘thas lng been truism that human population expanded dramatically withthe 
“agricultural revolution” that followed the end ofthe Pleistocene ce ages. Recently, 
however, geneticists have detected signs ofa Pleistocene ‘population explosion"long, 
before the final glaciation ended. These expansions, as suggested by the evidence 
‘of chromosomes and mtDNA, began with bottleneck and separation of modern 
peoples in Africa during the megadroughts ofthe MISS interglacial (130,000- 
90,000ybp), rowing and spreading within Atica, then out of Africa along the 
southern coastal routeto Australia, and then north into Eurasia. 


‘Why could these expansions occur? Were more children being born; was there 
am increase infertility? Probably not. Rather, paleodemograpers argue, mortality 
‘dactined, specifically the crisis mortality tha had previously regulary destroyed 
‘entire bands and regional populations inthe face of severe and abrupt climate 
‘change. But from 130,000ybp, the record seems tobea long-range trend toward 
‘expanding populations, apparently because crisis mortality and local extinctions 
became less and less froquent Certainly such mortality was stil rel possibility, 
sand would take a whale new form when epidemic diseases could take holdin dense 
sgriultural and urban populations. Putin the meantime modern humans survived 
longer than had proto-modern, tothe point that isbeing argued that grandparents 
‘began tobecomea reality, ust as chlldhood lengthened. !'© Ax populations grew 
In size and density, thelr mobilization of language, symbol, and tol intensified. 
Increasingly elaborate artifacts became a voice for both group preservation and 
soup definition; the elaborate lade stone tol kts of the Mode 4/UpperPaeaithic 
Allowed for more effective ubsatence nd decoration that markid local entity 17 
Elders teaching children may have been a fundamental part of this new intensified 
social configuration, possible because of modern capabilities and the Bemian 
‘expansions, and now universal under thestreste ofthe final laiations 

If this account captures the rough outlines ofthe emergence of modern humanity, 
the road was no a smooth one. Certainly populations under good condition grew, 
and the thickening connections among these denser populations may have driven 
‘he realization of madern human cultural potential inthe scatter of increasingly 
complex Mode 4/Upper Paleolithic artifacts that survive in the archaeological 
record Butifso, itis more and mare apparent that this complexity camein 
‘pulses and fckers, and adverse conditions could reduce both populations and 
cultural complexity Such seemstohavebeen the situation with modern human 


presencein the Levant, which appeared st oughly 110 000ybp and disappeared 
st 90,000ybp; and the Aterian culture ofthe Sshara, which eventually disappeared 
round 60,000ybp with the desiccation of the Sahara. Similarly two brief and 
‘enigmatic eruptions of complexity in South Africa the Stil ay and Howiesons Poort 
‘complexe, flared briefly in two short episodes between 72,000yip and 59,000ybp,a 
petiod of increased humidity in southwest Afric, before lapsing nto archaeological 
Invisibility or more basic Middle tone Age technologies. And an oscillation 
between Middle and Upper Paleolithic technologies seems tobe emerging from. 

the archaeology of Eurasia east of western Europe, the great expanse that genetic 
‘evidence is suggesting was a critical staging ground forthe diffusion of nom-Afrcan 
‘modern humans 1? 


‘Butt would seem thatthe potential forthe mutocatalytic feedback the 
accelerating intensification -that characterizes human history proper began 

with the fixing of language and the human mind sometime between 300,000ytp 
and 130,000ybp. 2° Modern mental and language capabilites began to mitigate 
crisit mortaity and local extinctions. As populations stabilized, life expectanciex 
lengthened. Hunting territaries began tofllup and tobump up against neighbor, 
requiring boundary maintenance and negotiation. At various points during 

the African Middle Stone Age and then plobally during the Upper Paleolithic, 

the pressures and opportunites of increased population density revulted in an 
aboration of culture and technology. These growing, creasingly sled peoples 
would soon face a dramatic climatic punctuation that would utterly transform thelr 
world 


1 Steven M. Stanley, Children ofthe fe Age: How aGiabal Catastrophe Aliowed Humans 
to Evolve (New York, 1996) For other leading interpretive syntheses of human 
‘evolution and climate change, see Karl W. Butzer, “Environment, Culture, and Human 
Evolution," American Scientist 65 (197), 572-4 Robert Foley, Another Unique 
‘Species: Patterns in Human Evolutionary colagy (Harlow, UX: 1987); -,"The Ecological 
‘Conditions af Speciation: A Comparative Approach tothe Origin of Anatomically- 
Modern Humans," in Paul Meilars and Chris Stringer, eds, The Human Revolution: 
‘Behavioural and Biologia! Perspectives on the Origins of Modern Humans Edinburgh, 
1992), 298-318; Stephen M. Stanley, “An Ecological Theory forthe Origin of Homo," 
Paleobiology 18 (1992),237-S7; Bizabeth&. Via etal es Paleoclimate and 
Evolution with Emphasis on Human Origins (New Haven, 1995), Peter B. deMenocal, 
“Plio-leistocene African Climate” Science 270 (1995), 53-9; Noel Thomas Boa, en 
“Homo: How the Human Emerge fromthe Catactymic History ofthe Earth (New York, 
1997); Richard Potts, Humanitys Descent: The Consequences of Ecological Instability 
(New Yor, 1996); Wiliam H Calvin, A Eran forall Seasons Human Evolution & 
Abrpt Climate Change (Chicago, 2007) For the last sections af the Pleistocene, st 
Brian M Fagan, The Long Summer: How Climate Changed Cvizstion (New York, 


2008); an Wiliam | Burroughs, Climate Change in Prekistory The End ofthe Reign 
‘Chaos (New York, 2005); Renée Hetherington and Robert GB. Red, The Climate 
Connection: Climate Change and Modern Human Fveltion (New York, 2010) Robert 
[M, Hamitton etal, (NEC Committee on the Earth System Context of Hominin 
Evolution), Understanding Climate’ yluence on Human Evolution (Washington, 
1C, 2010}; Peter 8 deMlenoca, Climate and Human Evolution,” Science 331 (2011), 
‘540-2. Ihave found Bernard G, Campbell eta, Humankind Emerging, ninth edition 
(Boston, MA, 2006) and CatkS Larsen, Our Origins: Discovering Physical Anthropoleny 
(New York, 2008) particularly useful guides tohuman evolution. 


‘2G. P.Landis etal, “Pele Hypothesis: Ancient Atmospheres and Geologic- 
Geochemical Controls of Evolution, Survival and Extinction,” in N.MacLeod and 

6 Ree, eds, Cretaceous Tertiary Mas Extinctions:Biotic and Environmental 
‘Changes (New York, 1996), 519-56. Dana Rayer etal, °CO, asa Primary Driver of 
Phanerozoic Climate," GSA Today 14/3 (March 2004) 6. 


2 Paul Pearson and Matin R Palmer, Atmospheric Carbon Diowide Concentrations 
‘over the Past 60 Milion Years” Nature 406 (2000), 695-9;]ames Zachos etal, 
“Trends, Rhythms, and Aberrations in Global Cimate 65 Ma to Present” Science 292 
(2001), 686-93; Robert M. Decanto and David Pollan, “Rapid Cenozole Glaciation 
ln Antarctica tnduced by Declining Atmospheric CO,” Nature 421 (2003), 245 

9; Aradna Tripati ta, Eocene Biplar Glaciation Associated with Global Carbon 
‘Cycle Changes," Nature 436 (2005), 341-6; Mack Pagan etal, “Marked Decline 

ln Atmospheric Carbon Dioeide Concentrations during the Paleogene Sense 

309 (2005), 600-3; ames Hansen etal, “Target Atmospheric CO, Where Sbould 
Humanity Aim? The Open Atmospheric Scence Journal 2 (2008) 27-31. 


“4 This quick summary e based on Wiliam F.Ruddiman, Earth Climate: Past and 
Future (New York, 2001), 147-71; Tjerd H. van Andel, New Views on an Old Planet: A 
History of Global Change, second edition (New York, 1994),175-233,and the citations 
Invnoter 3 and 22 


'5Blizabeth S. Vibahas developed her model of turnover pulses in a series of articles, 
‘most prominently “Ecological and Adaptive Changes Associated with Early Hominid 
Evolution," in E Delzen, et, Ancestor: Te lard Evidence (New York, 1985), 63- 
7i;*Late Miocene Cimate Events and Hominia Evolution, in FE Grine, The 
Evolutionary History ofthe “Robust” Ausralopithacins (New York, 1988), 405-26; 
“Turnover Pulses, the Rec Quaen, and Related Topics” A[S293-a(1993), 418-52; 
‘The Puls that Produced Us" Natural History 102/5 (May, 1993),47-51;"On the 
‘Connection between Paleclimate and Evolution” and “The Fossil Record of Aican 
Antelopes (Mammalia, Bove) in Relation to Human Evolution, in Elizabeth S. 
‘Vebaet al, ede. Polncimate and Evolution with Emphasis on Human Origins, 24 


45, 385-426; Climate, Heterochrony, and Human Evolution, JAnthtes 52(1996), 
1-28; "Mass Turnover and Heterochrony Events in Response to Physical Change,” 
‘Paleobiology 31 (2005), 157-74; Manuel Hernander and Elizabeth 5. Viba,-Plio- 
Pleistocene Climatic Change in the Turkana Basin (East Africa): Evidence from Large 
Mammal Faunas” JHumE 50 (2006), 595-626. 


665.B Fros,"Affican Piocene and Pleistocene Cercopthecd Evalution and Global 
Climatic Chang," n Rene Bobé et al, eds. Hominin Environments in the East African 
‘Pllocene: An Assexment ofthe Faunal Evidence (Dordrect, 2007), 51-77; Jeffrey K, 
[MeKee, “Fauna! Turnover Rates and Mammalian Biodiversity of the Late Pliocene 
and Plelstocene of Fasten Africa” Paleabilagy 27 (2001), 800-11; Anna K. 
‘Behrensmeyer, Late Pliocene Faunal Turnover in the Turkana Basi, Kenyaand 
Ethiopia” Science 278 (1997), 1589-04;D.R. Protheroand TH. Heston, "Faunal 
‘Stability during the Early Oligocene Climatic Crash," PPP 127 (1996),239-S6;] 

|M, Harris, Kooba For Research Project, Vo. Il‘The Fossil Ungulates: Geology, Foust 
‘Artiodactys and Poevenvironments (New York, 1991);Jan van Dam, “Long.Priod 
Astronomical Forcing of Mammalian Turnover” Nature 443 (2006), 687-91; Nadin 
Rohland eta, “Genomic DNA Sequences from Mastodon and Woolly Mammoth 
Reveal Dep Speciation of Forest and Savannah Elephants,” PosBology 8 (2010), 
1€1000564; Catherine Bagley etal, “Ecological Changes in Miocene Mammalian, 
Record Show Impact of Prolonged Climatic Forcing” PNAS 105 (2008), 12145- 

9; Raia et al, “Turnover Pulse or Red Queen® Evidence from the Large Mammal 
‘Communities during the Fio-lelstocane of aly" PPP 221 (2005), 203-312:]in Meng, 
and Malcolm C. Macken, “Faunal Turnovers of Palaeogene Mammals for the 
Mongolian Plateau,” Nature 394 (1998), 364-7, 


‘Potts, Humanitys Descent: Richard Potts, “Variability Selection in Hominid 
Evolution," Evalutionary Anthropology 7 (1998), 61-96;-, “Environmental 
Hypotheses of Hominin Evolution,” YPA 41 (1998), 93-136. 


‘Fora recent prospectus of the research agendas involved, se Hamilton et 
al, Understanding Climate’ Iftuence on Human Evaution. See also Anna K 
‘Behrensmeyer, “Climate Change and Human Evolution," Science 311 (2006), 476-8, 


9 Hetherington and Reid, The Climate Connection, 31-4, There have been only the 
mort tentative efforts tolink genetic markers with specific archaeslogical traditions. 
‘Sea, for example, Ornea Semino etal, "The Genetic Legacy of Palealthic Homo 
‘Splens sapiens in Extant Europeans: A Y Chromosome Perspective” Science 290 
(2000, 1155-9. 


10 itmight be useful to review the classification of primates and some terme used 
here. The Primate order i ive between the Prosimians an the Anthropoids, 


‘which include New World monkeys, Od World monkeys, and the Hominoids, 
‘which inelude the Old World greater and lesser apes and the Hominidae or the 
-Hominids Hominidsinchude Orangutans, Gorillas, the Raninae (Chimpanzees and 
Bonomos), modern humanity, and ts various extinct lose relations. At this stage 
‘the lasification s under some dispute, with competing anatomic nd genetic 
trees, most importantly because ofthe close genetic relationship of humans and 
the Paninae nts text, the term hominn willbe used to describe the entire range 
‘ofincreasingly bipedal proto-human species that seem to have diverged frm the 
‘Poninae around 7 milion years ago, out of which the genus Hom emerged around 3- 
2.4 milion years ago. 


11 Suzanne M. Cot, “Origins of African Hominoids:An Assessment ofthe 
Palaeobiogeographical Evidence" Comptes Rendus Pavol 3 (2008), 323-40, 


12 Campbell etal, Hamantind Emerging, 40-51; David R. Begun, “Planet ofthe 
Apes? SA 289/2 (August 2003), 74-83; Pots, Humanity Descent, 71-7; David W, 
Cameron, Hominit Adaptations and Extinctions (Syéney, 2008), 162-79, 205-10; An 
Zhlsheng, "Evolution of Aslan Monsoons and Phased Uplift ofthe Himalaya-Tibetan 
Plateau since Late Miocene Times, Nature 41 (2001), 62-6;2.T. Guo eal, “Onset of, 
‘Aslan Desertification by 22 Myr Inferred from Loess Deposits in China Nature 416 
(2002), 159-63; Erika} Edwards al, “The Origins of C, Grasslands: Integrating 
Evolutionary and Ecosystem Science” Science 328 (2010), 587-94, 


13 Petr B de Menocal,*Afian Climate Change and Faunal Evolution during the 
Plocene-Pletstocene, Earth and EPSL 220 (2004), 3-248). 


414 Se Jean-Marie Rouchy et al, "The Messintan Salinity Crisis Revisited” SedGeol 
188/189 (2006), 1-8, and the articles in this special issue; Arne Michels tal,*The 
Late Miocene Climate Response toa Modern Sahara Desert," GAC 67 (2009), 193-204; 
Pots, Humanity’ Descent, 76-7; Stanley, Chir ofthe lee Ag, $4 


15 For various estimates, see Sudhir Kumar etal, “Placing Confidence Limits onthe 
Molecular Age ofthe Human-Chimpansee Divergence” PNAS 1022005), 18642-7;, 
MA Jobling etal, Human Evolutionary Genetics: Origins, Peoples, Diseases (New York, 
2004), 215-17; insu Shi eta Divergence ofthe Genes on Human Chromosome 
21 between Human and other Hominoid and Variation of Subatittion Rater 
among Transcription Units” PNAS 100 (2003), 8331-6 forarange estimate see RL. 
‘Stauffer et al, “Human and Ape Molecular Clocks and Constraints on Paleontological 
Hypotheses” Journal of Heredity 92 (2001), 469-74. 


16 Yee Coppen, “East Side Story The Origin of Humankind” 64 270/5 (May, 
1994), 8-95. For simplicity, will fer to al bipedal potentially proto-human and. 
human species as hominins, and include our hominid cousins the gorilasand the 
“chimpanzees with the grest apes 


117 For overviews ofthese cscoveries, see Campbell et al, Humankind Emerging, 205- 
13; Larsen, Our Origins, 282-300; Brian G. Richmond and Wiliam L Junge, “Orrin 
‘ugenenss Femoral Morphology and the Evolution of Human Bipealis,Science319 
(2008), 1652-5; Tim D. White, “Ardipthecus ramidus and the Peliciology of Early 
Hominid" Science 326 (2009), 75-86; and Yohannes Hele Selassie tal,"A New 
Hominin Foot from Ethiopia Shows Multiple Pliocene Bipedal Adaptations” Nature 
483 2012), 965-70, While many classifications distinguish between an African 
Homo eraster and a Eurasian Homo eects, wil for the sake of simplicity lump these 
together as H erectus, because its the more widely recognized label. 


| Nickerson etal, “Genetic Evidence for Complex Speciation of Humans and 
Chimpansees" Natur 441 (2006), 1103-8 


49 Campbellet al, Humankind Emerging, 241-50. 


20Tim , White etal, ‘Asa ase, Aramis, andthe Origin of Austalopthecus” Nature 
$330(2006), 883-9; Rend Bobé and Anna K. Bebrenemeyer, “The Expansion of 
Grassland Ecosystems in Afican elation to Mammalian Eveution andthe Origin 
‘ofthe Genus Homo," PPP 207 (2008),399-420, 


21 Potts, umanity/s Descent Pots, “Variability Selection in Hominid Evolution” 


122.6. Bartoli, “Final Closure of Panama and the Onset of Northern Hemisphere 
Glaciation," EPSL-237 (2005), 33-44; Mark A.Caneand Peter Molnar, “Closing ofthe 
Indonesian Seaway asa Precursor to East Aftican Aridification around 3-4 milion 
‘Years Ago” Nature 411 (2001), 157-62. 


23 This quick summary is indebted to Ruddiman, Earths Climate, 174-91; Martin 
Bell and Michael .C. Waar, Late Quaternary Environmental Change: Physical 

& Hunan Perspectives (Harlow and New York, 1992), 60-3;and).D.Haysetal, 
"Variations inthe Earths Orbit Pacemaker ofthe ice Ages” Science 194(1976), 1121- 
32. 


‘24 James C Zachos al, “Climate Response to Orbital Forcing across the Oligocene 
‘Miocene Boundary, Science 292 (2001), 274-8;T. Westerhld etal, “Midleta 
{ate Oxygen Isotope Stratigraphy of ODP Ste 1085 (SE Atlantic: New Constraints 


‘of Miocene Climate Variability and Sea-Level Fluctuations” FPP 217 (2005), 205— 
22; Nangjun Sun and Pinzian Wang, “How Old Is the Asian Monsoon System? 
Palagobotanical Records from Ching” FPP 222 (2005), 181-222; uddiman, Earth's 
‘climate, 194-209. 


‘25 Kaye E Reed, “Pleoecological Patterns a the Hadar Hominin Site, Afar Regional 
State, Ethiopia” JHumEv 54 (2008), 783-68; Mark Collard, “Grades and Transitionsin, 
Human Evolution,” Proceedings ofthe British Academy 106 (2002), 61-100. 


26 Baro, “Final closure of Panam" Cane and Molnar, Closing ofthe Indonesian 
Seaway"; Rudman, Earths Climate, 223; Maureen E. Raymo, The Initiation of 
Northern Hemispheric Glaciation," Anna Reviews in Earth and Planetary Sclence 
22,1094), 353-83;"The 41 kyr World: Mllankovitehs Other Unsolved Mystery” 
Paleoceanography 18 (2003) 1013-16; Wiliam F Ruddiman, Orbital Isolation, 

tee Volume, and Greenhouse Gases,” QSR 22 (2003), 1597-629, at 1624, Recently 
there hasbeen considerable attention given to new estimates that atmospherle 

(C0; dropped circa 3.2-2.8MY, from ~330-400 ppm to -280 ppem. Osamu Sekt 

1, "Alkenone and Boron-Based Puocene pCO; Records” EPSL 2022010), 201- 

14; Mark Pagani eta, “High Earth System Climate Sensitivity Determined from 
Pliocene Carbon Dioxide Concentrations" NatGeos 3(2010),27-30; Ana Christina 
Ravelo,*Wartath and Glaciation,” NatGeos3 (2010), 672-4; Wiliam F Ruddiman, "A 
Paleclimatic Enigma” Science 328 (2010), 838-2. 


27 Bernard Wood and David Strat, “Patterns of Resource Use in Early Homo and 
Paranthropus am 46 (2008), 119-62. 


‘28 DeMenocal, Plo-lestocene Atican Climate" deMenocal,“Afican Climate 
‘Change and Faunal Evolution” deMlenocal, "Climate an¢ Human Eveution";Bobé 
and Behrensmeyer, “The Expansion of Grassland Ecosystems in African Relation 
to Mammalian Evolution and the Origin ofthe Genus Homo"; Sarah j. Feakins et 

al, “Biomarker Records of Late Neogene Changes in Northeast African Vegetation” 
Geology 33 (2005), 977-80; Jonathan Guy Wynn, “Influence of Plio-Pestocene 
Aridication on Human Evolution: Evidence from Paleotols ofthe Turkana Basin, 
Kenya" AJPA 123 (200), 106-18; Naomi E- Levin etal, “Isotopic Evidence for Plo- 
Pleistocene Environmental Change at Gona, Ethiopia,” EPSL 219 (2004), 93-110. 
‘Where these studies, analyzing carbon in ancient soils, nd a significant shift toC4 
‘asses after 3MY and 1.SMY, studies of carbon isotopes in ungulat teeth find an 
‘are shift, at 6-4MY. This exter shit would reic the origins of savanna graszer, 
‘butnot necessarily their dominance. Thure Certing. “Global Vegetation Change 
through the Miocene/Pliocene Boundary Neture 389 (1997), 153-8. 


29 Here am following convention in rounding up the 98,500-year cycles to 100,000. 


430 Counterintutivaly, these high ccentrcty periods of extreme Eat Afican 
precipitation and hypendrought were interglacial periods, when te Eurasian land 
mass was relatively ice fies. 


31 The key recent literature onthe impact of orbital eccentricity and precession 
‘om monsoon variability on Fast Africa includes Martin H.Trauth eal, “Trends, 
‘Rhythms and Events in Pio-Plestocene Aftican Climate,” QSR 28 2008), 399 
(411) *High- and Low Latitude Forcing of Pio Pleistocene East African Climate 
«and Human Evolution tony 53 (2007), 475-86; John D. Kingston etal, 
*Astronomicaly Forced Climate Change in the Kenyan Rift Valley 2.7-2.55 

‘Ma. Implications for the Evolution of Early Hominin Ecosystems” JHumEy 53, 
(2007), 487-503; Christopher }.Campisano and Craig S.Felbe, Connecting Local 
Environmental Sequences to Global Climate Pattern: Evidence from the Horinin- 
Bearing Hadar Formation, Ethiopia” JHumnEy 53 (2007), 515-27. This erature 
provides the empirical demonstration ofthe mechanisms behind Richard Potts 
‘varlabilty selection bypothesis 


232 This interpretation of diverpent homini strates most fully expressed in 
Vibe, Late Pliocene Climate Events and Human Evolution” and ean be fllowed in 
Rober Foley, Another Unique Species, 244-55, ts characterization of Paranthropus 
‘sa dietary specialist has recenty bee challenged in Wood and Strat, Patterns of 
Rexource Use" Als wee cltatons in note 37, 


32 Thomas Plummer, “Flaked Stones and Olé Bone: ological and Cultural 
Evolution at the Daw of Technology," YPA 47 (2004), 118-64; Sle Sernaw etal, 
"2.6 Milon-Year-Od Stone Tools and Associated Bone fom OGS-6 and OGS-7, Gon, 
‘Afar, Ethiopia” Jum 43 (2003), 169-77; Randall Sussman, “Hand Function and 
‘Tool Behavior n Early Hominid" /HumEV 35 (1998), 23-46: W.H. Kimbel etal, “Late 
acene Homo and Oldowan Tels from the Hadar Formation (Kada Hadar Member), 
Ethiopia” /Humy 31 (1996), 549-61, 


24 Recently, habilis lassfication in the genus Home has been questioned, but 
keep it forthe sake of simplicity. Foran important recent review see Lan Tattersall 
and jeftey H. Schwartz, Evolution of the Genus Homo,” Annual Reviews: Earth and 
‘Planetary Science 37 (2009), 67-92. The dating and attribution of Homahas been 
complicated further by the discovery ofan australopithecine with feturesleading to 
‘Homo at 1.95-1.78MY. Ths fossil might be directly ancestral to Homo erectus. Lee. 
Berger et a, Austrolopitherus Sediba: A New Species of Homo-ikeAustralopith fom. 
‘South Aiea” Science 328 (2010), 195-208. 


235 Hansell H. Stedman, “Myosin Gene Mutation Correlates with Anatomical Changes 
{nthe Human Lineage” Nature 428 (2004), 415-18; Pete Currie, “Muscinginon 


‘Hominid Evolution," Nature 428 (2004), 373-4; Hsun-Hua Chou et al, “Inactivation 
‘of CMP-N.Acetylneuraminic Aci Hydsonylase Occurred Prior to Brain Expansion 
‘during Human Evolution,” PAS 99 (2002), 11636-41; Campbell et al, Humankind 
Emerging, 258, Fora critique, see Hetherington and Reid, The Climate Connetion,17— 
a6 


216 Cranial capacity from Colla “Grades and Transitions in Human Evolution,” 84 


237 Lelie. Aiello and Peter Wheeler, “The Expensive Tissue Hypothesis: The Brin 
and Digestive System in Human and Primate Evolution, CA (36 (1995), 199-221; 
Plummer, "Flaked Stones and Old Bones: Lisa Rose and Fiona Marshall “Meat-Eating, 
Hominid Sociality, and Home Bases Revisited, CA 37 (1994), 307-38; Robert 
[Blumenschine and John A. Cavallo, “Scavenging and Human Evolution," $A 267/4 
(Get, 1992), 90-6; Dean Fal, “Brain Evolution in Home: The Radiator’ Theory” 
‘Behavioral and Brain clences 13 (1990), 333-81; Glynn Isaacs “Aspects of Human 
Evolution,” nD. S. Bendall, ed. Evolution from flees to Men (New York, 1983), 
509-43; Glynn Isaac, “The Food: Sharing Behavior of Protohuman Hominid” $A 
238/4(1978), 90-138, 


30 Leo Gabunla etal, "Dmanisl and Dispersal” Evlutionary Anthropology 10(2001), 
154-70; David Lordkipanide eta, “Portranial Evidence from Early Homo from 
‘Dmanist, Georgi," Nature 449 (2007), 305-9:F Spoor et al, “Implications of New 
East Homo Fos frm leet, East of Lake Turkana, Kenya Nature 448 (2007), 
(688-90; Daniel E Lieberman, “Homing in on Early Homo Nature 339 (2007), 291~ 
2; David Lovdkipanidze eta, "A Complete Skul from Demanis, Georgia, and the 
Evolutionary Biology of Early Homo, Nature 342(2013), 326-31 


39.GallM. Ashley etal, Hominin Use of Springs and Wetlands: Paleoclimate and 
“Archaeological Records fom Olduvai Gorge (-1.79-1.74 Ma), FPP 272 (2008), 1~ 
16;R.Bernart Owen et al, “Diatomaceous Satiments and Environmental Change 
Inthe Pleistocene Ologesilie Formation, Southern Kenyan Rif Valley" PPP 

1269 (2008), 17-37; Gall M Ashley, “Orbital Rhythms, Monsoons, and Paya Lake 
Response, lduval Bari, Equatorial East Africa (ca 1.85-1.74 Ma)” Geolagy 35, 
(2007), 1091-4; Trauth etal, “Trends, Raythms, and Events; “High-and Low- 
Latitude Forcing”; René Bobé et al, “Faunal Change, Environmental Variability and 
{ate Pliocene Hominin Evolution,*jHumEv 42 (2002), 475-97; deMenceal, “African 
‘Climate Change and Faunal Evolution”; “Pio Pleistocene African Climate" Bobé and 
Benrensmeyer, “The Expantion of Grassland Ecosystems in Africa in Relation to 
‘Mammalian Evolution and the Origin ofthe Genus Homa.” 


‘40 Matthew R Bennet eta, “Early Hominin Foot Morphology Basedin 15-Milion- 
‘Year-Old Footprint from Here, Kenya” Science 323 (2008), 1197-201; Dennis 


Bramble and Daniel E Lieberman, “Endurance Running and the Evolution of Homo" 
‘Nature 432 (2004), 345-52: Fred Spoor and Bernard Wood, “Implications of Early 
Hominid Labyrinthine Morphology for Evolution of Human Bipeds! Locomotion," 
Nature 369 (1994), 645-8; Susan C. Anton, “Natural History of Homo Erectus" YPA 46 
(2003), 126-70. 


‘41 SusanC. Anton and Car C.Swisher, I, “Early Dispersalsof Homo from Aftica” 
Annual Reviews of Anthropology 33(2004),271-86. 


42 Calvin, Brain for AllSeasons, 133-46, 


‘43 Naama Goren-Inbar etal, Pleistocene Milestones onthe Out-of- Africa Corridor 
at Gesher BenotYaaqoy, sae,” Science 289 (2000), 984-7; Robert Foley and Marta 
Miazén Lahr, ‘Mode 3 Technologies and the Evolution of Modern Humans," CArch)7 
(4997),12, 


44 Alan R Rogers ta, "Genetic Variation a the MCIR Locus andthe Time since 
Loss of Human Body Hair? CA 45 (2004), 105-8; Nina G. Jablonski, “The Evolution of 
iuman Skin and Skin Colo” Annual Reviews in Anthropology 3(2008), 585-623;Mina 
G Jablonski and George Chapin, “The Evolution of Human Skin Coloration," /HumE¥ 
39 2000), 57-106. 


‘45 Richacd Wrangham, Catching Fre: How Cooting Made Us Human (New York, 2009); 
Francesco Berna ea, "Microstratigraphle Evidence of tn Situ Fire inthe Acheulean 
‘Strata of Wonderwerk Cave, Northern Cape Province, South Aftica” PNAS April2, 
2012 dol:10.1073/pnas.1117620109; Naama Goren-Inbar, “Evidence of Hominin 
Control of Fire at Gesher BenotYaaqoy, aael Science 304 (2008), 725-7; Nira 
Aiperson-Afl etal, “Spaial Organization of Hominin Activities at Gesher Benot 
Yeagoy, sae’ Science 326 (2008), 1677-80; Kristen Hawkes, “Grandmothers and 
the Evolution of Human Longevity” American ural of Human Biology 15 (2003), 
30-400, 


‘462 Brown etal, “A New Small Bodied Hominin from the Late Pleistocene of Flores, 
Indonesian” Nature 431 (2004), 1055-61; } Morwood etal, “Archaeology and Age 
of sNew Hominin fom Flores in Eastern Intonesia" Nature 431 (2004), 1087-91; 
1M. | Morwood etl, “Further Evidence for Small Bodied Hominins from the Late 
Pleistocene of Flores, Indonesi "Nature 437 (2005), 1012-17; Kate Wong, "The 
Littlest Human” SA 292/2 (Feb, 2005), 56-65 


‘47 Mark iddel et a, “Changes in Deep Pacific Tempersture during the Mig 
Pisistocene Transition and Quaternary? QSE29(2010) 170-81; Erin. MeCiymont 


and Antoni Rosell Mel, “Links between the Onset of Modern Walkar Circulation 
and the Mid Pleistocene Cimate Transition Geology 3 (2005), 389-92; Martin 
[Medina Elizalde and David W. Lea, “The Mid- Pleistocene Transition in the Tropical 
Pacific Science 310 (2005), 1009-12; Trauth etal, “Trends, Rhythms, and Events" 
‘deMenocal, "African Climate Change"; ME Raymo,“The Mid-Pestocene Climate 
‘Transition: A Deep Ses Carbon lotopic Perspective,” Paleaceancgraphy 12 (1997), 
‘546-59; Manfred Mudelsee and Michael Schult, “The Mid-Peistocene Climate 
‘Transition: Onset of 100 a Cyle Lags ce Volume Bulld-Up by 280 ka," EPSL.151 
(1907), 137-23. 


‘48 Nicholas} Shackleton, “The 100,000-Yearle-Age Cyle Identified and Found 
to Lag Temperature, Carbon Dioxide, and Orbital Ecentricity Science 289 (2000), 
1897-902; Wiliam F Ruddiman and Maureen E.Raymo,"A Methane-Based Time 
Scale for Vostok lee” QSR 22 (2003), 141-55;Ruddiman, “Orbital Inscation, Ice 

Volume und Greenhouse Gases” 


‘49 A.G.N. Bergner etal, “Tectonic and Climatic Control on Evolution of Rit Lakes in 
the Central Kenya Rif, Est Africa QSR 28 2008), 2804-16; Christopher A. Scholz 
‘etal, "East African Megadcoughts between 135 and 75 Thousand Years Agoand 
Bearing on Early-Modern Human Origins" PNAS 104 (2007), 16416-21; Andrew S. 
(Cohen, "Ecological Consequences of Early Late Pleistocene Megadroughts in Tropical 
‘Aftia” PNAS 104 2007), 16422-7; Martin H.Trauth etal, “East Atican Climate 
‘Change and Orbital Forcing during the Last 175 kyr BR” EPSL 206 2003), 297-233, 
‘Given the secondary 400,000-year eccentricity cycle, the current “high-eccenricty" 
situation is elatively less extreme than the past three cycles. 


50 Emesto Abbate, “A One-Milion Year-Old Home Cranium from the Dana (Af) 
Depression of Eritrea," Nature 393 (1998), 458-9; the erectus described in Berhane 
Asfuw eta, "Remains of Homo Erectus from Bouri, Middle Awash, Ethiopia" Nature 
4416 (2002), 317-20 does not appear to show such signs of change 


51 Eaward Carbonell et aL, “The First Hominin in Europe Nature 452 465-9; Giorgio 
‘Manzi, “Human Evolution at the Matuyama-Brunhes Boundary? Evolutionary 
Anthropology 13 (2004), 11-24;]-M Bermiider de Castro, “The Atapuerca Sites and. 
‘Their Contribution tothe Knowledge of Human Evolution in Europe," Evolutionary 
Anthropology 13 (200), 25-41; Robin Denne, “Dispersal and Colonization, Longand 
‘Short Chronclogies: How Continous Is the Early Pleistocene Racord for Hominids 
‘tse of East Africa” HfumEv 45 (2003), 421-40; Philip Rightmire, "Human 
Evolution in the Middle Pleistocene The Bole of Homo Heidlbergencs Evolutionary 
Anthropology 6 (1998), 218-27. 


‘52 Dennell Dispersal and Colonization” Clive Finlayson, “Biogeography and 
Evalution ofthe Genus Homo," Trends Ecology ana Evin 20 (2005), 457-63. 


‘53 Tatterall and Schwarts, "Evolution ofthe Genus Homo("77-2; Collard, 
“Grades and Transitions in Human Evolution’. Philip Rightmire, “Brain Size 
and Encephalization in Early to Mid Peistcene Homo “AJPA 124 2004), 109-23; 
Ben Marwick, "iestocene Exchange Networks as Evidence forthe Evolution of 
Language," CArch] 13 (2003), 67-81. 


This model had its roots inthe Mayr-Gould-Edrdge allopatric punctuation 
‘mode. It has been very persuasively developed in the Pleistocene context in Marta 
‘Miraxin Lahr and Robert A. Foley, “Toward. a Theory of Modern Human Origins: 


eograpiy Demography, and Diversity in Recent Human Evolution” YPA 41 (19 
137-76 


55 Given the importance of environmental context in thls account, I willbe inchuding 
the shorthand labels forthe marine "Oxygen lotope Stages” (axygen isotope 
‘eighteen ratios from ocean sediments) a each important point 


56 Goren-tnbar,"Pestocene Milestones’ Simon A Parfit et al, “Early Pestocene 
Human Occupation atthe Edgs ofthe Boreal Zone in Northwest Europe, Nature 
‘866 (2010), 220-33; The Earliest Record of Human Activity tn Northern Europe,” 
Nature 438 (2005), 1008-12. 


157 Dennel,"Dispertal and Colonization Finlayson, “Biogeography and Evolution.” 
Clive Gamble in Timewalters The Prehistory of Global Colonization (Cambridge, MA, 
1994), 135-6, ruggests thatthe extinction of saber toothed tigers in Europe allowed. 
hedalbergensis his tarm i archaic) back nto Europe. 


‘58 Aurilien Mounier eal, ts Homo Heidebergensisa Distinct People? New Insight on 
the Mauer Mandible” /HumEy 56 (2009), 219-46. 


59 The idea ofa Pleistocene geographic <limatclogical pump" is developed in Brian 
[M. Fagan, The Journey from Eden: The Peeping of Oar World (London, 1990); Wiliam 

H Calvin, The Ascent of Mind: ce Age Climates andthe Evolution of Intelligence (New 

‘York, 1991); and Philip Van Peer, “The Nile Corridor and the Out-of-Aftica Mode: An 
Examination of the Archaeological Record” CA 39 (1998), $115-40. {elaborate this, 

theory based onthe analysis of high-eccentricity megadroughts in Scholuet a, “East 
‘Atrcan Megadroughts" Cohen et al, “Ecological Consequences" 


60 Richard E. Greene a, “Analysis of One Milion Base Pars of Neanderthal DNA” 
‘Nature 444 (2006), 330-6; James Bischoff tal, “The Sima delos Huesos Hominids 
Dateto beyond W/Th Equilibrium (>350 ky) and Perhaps to 400-500 kyr,” JArchS 

30 2003), 275-80, For an older but useful overview of Neanderthal origin, see 
Campbell eta, Humankind Emerging 365-9. 


661 FL. Cannetal, "Mitochondrial DNA and Human Evolution” Nature 325(1987), 
es 


162 Among many discussions ofthis debate, se Michael C. Campbell and Sarah A 
“Tlshkoft, “The Evolution of Human Geneticand Phenotypic Variationin Africa” 
(Current Biology 20 (2010), R166-R173;Michael DeGiorgi etal, "Explaining 
‘Worldwide Patterns of Human Genetic Variation Using a Coalescent-ased Serial 
Founder Model F Migration Outward from Aftic” PNAS 106 (2008), 16057-62; 
“Timothy D. Weaver and Chastes.Rovernan, ‘Wew Developments in the Genetic 
Evidence for Moder Human Origing Evolutionary Anthropology 17 (2008), 69- 
0;],H.Relethforg, “Genetic Evidence and the Modern Human Origins Debat 
Heredity 100 (2008), 555-63; Paul Melia, “The impossbe Coincidence: A Single- 
‘Species Model forthe Origins of Modern Human Behavior in Europe," Evolutionary 
‘Anthropology 14 (2005), 12-27; Osbjorn M.earson, “Has the Combination of Genetic 
snd Foul Evidence Sold the Riddle of Modern Human Origins?” Evolutionary 
‘Anthropology 13 (2004), 145-59: Chris Stringe, ‘Modern Human Origins: Progress 
and Prospects” PTRS LB 357 (2002), 563-79; Jon H.Relethford, Genetics andthe 
‘Search for Modern Human Origins New York, 2001), Shelley L. Smith and Francis 8 
Harrold, A Paradigms Worth of Diference? Understanding the Impasse over Modern 
Human Origins YPA 40(1997), 113-38; Gamble, Another Unique Speies,144-57_ 
‘See alto. Grine, Late Plestocene Human Skul from Hofmeye, South Afi, and 
Modern Human Origin" Science 315 (2007), 226-9, A genetic model ha recently 
‘been applied tolingulatic, and the results match the general “out of Ais” model: 
‘Quentin D, Atkinson, “Phonemic Diversity Supports a Series Founder Efect Model of 
Language Expansion from Africa” Science 332 (2013), 346-9. 


6 RichardG, Flin with Blake Edgar, The Dawn of Huonan Culture (New York, 2002); 
(fer Bar-Yoref, "The Upper Paleolithic Revolution," Annual Reviews in Anthropoisgy 
31 (2002), 363-93, 


(64 Grahame Clark, World Prohistary: A New Perspective Cambridge, UK, 1977), 

32-8; Sally McBrearty and Alison M. Brooks, “The Revolution that Wasn't ANew 
Interpretation ofthe Origin of Modern Human Behavior” /BumE 392000), £94-7; 
Robert foley and Marta Miranin Lahr, “On Stony Ground: Lithic Technology, Haman 
Evolution, andthe Emergenceof Culture” Evolutionary Anthroplagy 12 (2003), 109 
2. 


(65 Clark, Word Prehistory, 23-4; Foley and Lahr, “Mode 3 Technologies" 


‘6 Given the realty that small populations leave fewer artifacts and featuresin the 
‘record, they tend to be “archaeologicaly invisible” Thusitis entirely possible that 
Mode 3 artifacts actually were ist developed before 280,000ybp, among small, 
‘bottleneck populations in the high-eccentrcity period prior tothe Saale MISS glacial 
period. 


(67 The“Aftican MSA" thesis hasbeen set forth in detain Foley nd Lah, Mode 3 
“Technologies; Lahr and Foley, “Toward a Theory of Modern Origins"; McBrearty and 
Brooks, “The Revolution that Wasn't"; Christopher Hensilwood and Curtis W.Marean, 
“The Origin of Modern Human Behavior: Critique of the Models and Their Test 
Implications” CA 44 2003), 627-51;and the various essay in Lawrence Barham 
1nd Kate Robson-Brown, eds, Human Root: Africa and Asia inthe Middle Pleistocene 
(Bristol, 2001). The thls was anticipated by}. Desmond Clarkin “The Mile Stone 
Age in East Africa and the Beginnings of Regional deni, JWP.2 (1998), 235-305. 
See also Stringer, "Modern Human Origin: Progress and Prospects," 574-6.The 
Late Stone Agen East Afi snow dated toa minimum of 46 000ybp: Stanley H. 
Ambrose, “Chronology ofthe Lat Stone Age and Food Production in East Attia” 
‘Arch 25 (2998), 377-92. 


(60 Foley and Lans, “Mode 3 Technologies Lahr and Foley, “Towarda Theory of 
Modern Origins’ McBrearty and Brooks, “The Revolution that Wasnt" 


(69 Tim White eta, “Pieistocene Homo Sapiens from Middle Awash, Ethiopia" Nature 
423 (2003), 742-7 (Hert lan McDougall et al, “Stratigraphic Placement and Age 

of Modern Humans from Kibish, Ethiopia” Nature 433 (2005), 733-6 (Omo) For an 
‘overview, see Erk Trinkaus, “Eatly Modern Humans” Annual Reviews in Anthropolagy 
34 (2008), 207-30. 


‘70 Megadroughts at 225,000-190 000ybp have not yet been directly demonstrated, 
‘but they have be found forthe next (less severe) eccentricity period, 135,000- 
70,0004 (specifically 135,000-130,000ybp and 118-90,000ybp). See Scholze al, 
“Eart African Megadroughts"; Cohen etal, “Ecologial Consequences” 


171 ML Karafet tal, "Ancestral Asian Source(s) of New World Y-Chromosome 
Founder Haplotypes” American Journal of Genetics 1999 (64, 817-31 (825):MLE, 
‘Hammer etal, “Out of Africa and Back Again: Nested Cladistic Analysis of Human Y 
(Chromosome Variation,” Moiecular Biology and Evolution 15 (1998), 427-81 ($34). 


172 Daniel E. Licberman etal, “The Evolution and Development of Cranial Form 
{in Homo Sapiens" PNAS 99 (2002), 1134-9; Philip Lieberman, “On the Nature 

‘and Evolution ofthe Neural Bases of Human Language” YPA 45 (2002), 36-62; 
“Stephen Mithen, Prehistory af the Mind: A Seach for the Origine af Art, Religion and 
Science (London, 1996); Cllard, “Grades and Transitions in Human Evolution,” 
11-9; Emiliano Bruner, “Morphological Differences inthe Parietal Lobes within 

the Human Genus”CA 51, Supplement 1 (2010),s77-s88; Christopher Dean etal, 
“Growth Processsin Teeth Distinguish Modern Humans from Homo Erectusand 
Earlier Homining” Nature 414 (2001), 628-31; Marwick, "Pleistocene Exchange 
Network" Frederick L. Coolidge and Thomas Wynn, “Executive Functions ofthe 
Frontal Lobes and the Evolutionary Ascendency of Homo Sapiens" CArci 11 (2001), 
255-60; Thomas Wyn and Frederick L Coolie, “Beyond Symbolism and Language: 
Introduction to Supplement 1, Working Memory”‘CA 51 Supplement 1 (2010), 
‘55-816; Matt} Rortano, “How Our Ancestors Raised Children to Think as Modern 
Humans,’ Biological Theory 5 (2010), 142-53, 


173 Timothy J. Crow, “The Big Bang’ Theory of the Origin of Prychosis and the 
Faculty of Language,” Schizophrenia Research 102 (2008), 31-52; Timothy }.Crow, 
"Schizophrenia asthe Price that Homo Sapiens Py for Language: A Resolution ofthe 
Contra Paradox in the Origin ofthe Spectes” Brain Research Review 31(2000},1 
se also the essays by Crow and colleagues in Timothy). Crow, ed, The Speciation of 
Modern Home Sapiens (Oxford, 2002), 


174 Wolfgang Enard etal, "Moteclar Evolution of FOXP2, a Gene involved in Speech 
and Language," Nature 418 (2002), 869-72; inhi Zhang eal, “Accelerated 
Protein Evolution and Origins of Human Specific Features: FOXP2 at an Example” 
‘Genetics \62 (2002), 1825-35; Johannes Kraus et al, “The Derived FOXP2 Variant of 
‘Modern Humans was Shared with Neanderthals" Current Bislogy 17 (2007), 1908- 
12; Graham Coop el, “The Timing of Selection atthe Human FOXP2 Gene,” MBE 
25 (2008), 1257-9; Tomislav Maricic et al, A Recent Evolutionary Change Affects 
«Regulatory Element inthe the FOXP2 Gene MBE 30(2013), 844-52; Michael. 
Corblli, “Mirror Neurons and the Evolution of Language” Brain & Language 112 
(2010), 25-35; Michael Corballie, “The Evolution of Language” Anna ofthe New 
York Academy of Sciences 1156 (2009), 19-43, 


175 Marta Miranda Lahr and Robert Foley, “Multiple Dispesals and Modern Human 
Origins" Evolutionary Anthropology 3 (1998), 48-60. 


176 Peter Forster, “Ice Ages and the Mitochondrial DNA Chronology of Human 
Dispersals:A Review” PTRSB 359 (2008), 255-64: Vincent Macaulay etal, “Single, 
‘Rapid Coastal Settlement of Asia Revealed by Analysis of Complete Mitochondrial 


Genomes Science 308 (2005), 1034-6; Kumarasamy Thangara, “Reconstructing the 
Originof the Andaman Islanders” Science 308 (2005), 996. 


17 On Toba, see Martin A Willams etal, Environmental impact ofthe 73 ka Toba 
‘Super-Eruption in South Asia” PPP 28$ (2008), 295-314; Stanley H. Ambrose, “Late 
Pleistocene Human Population Bottlenecks, Volcanic Winter, and Differentiation 
‘of Modern Humans” HumEv 34(1998), 623-51; Michael Ramping and Stanley 
H. Ambrose, “Volcanic Winter in the Garden of Eder: The Toba Superexplosion and 
the Late Pleistocene Human Population Crash," in FW. McCoy and. Helken, eds, 
Volcanic Hazards and Disasters in Human Antiquity: GSA Special Paper 345 (Boulder, 
0,200), 71-82. Fr critiques of the significance ofthe Toba eruption, ee Clive 
Oppenheimer, “Limited Global Change to Largest Known Quaternary Eruption, Toba 
= T4kyr BP? Q5R 21 (2002), 1593-£09; and the exchange among FJ. Gathorne- 
Hardy, W.E.H, Harcourt Smith, and Stanley Ambrose, JHumBy 45 (2003), 227-37, 
See also Pearson, “Has the Combination” 146-7; and the citations in note 87, 


178 On MIS3, se Hetherington and Reld, The Climate Connection, 156, 68-9, 195~ 
9,223-6:0n the 60,000ybp dat, se discussion in Pa Mellars, "Going East New 
Genetic and Archaeological Perspectives onthe Modern Human Colonization of 
Eurasia" Science 313 (2006), 796-800. 


179 Spencer Well, The Journey of Man: A Genetic Odyssey (Princeton, N}, 2002), 178, 


‘0 See notes 62, 76, nd 91; Ekzabeth Watson eta, “Mitochondria Footprint on 
Human Expansions in Ati,” AJHG 61 (1997), 691-704; Antoni Salaset al "The 
Making ofthe Afican mtDNA Landscape” AJHG 71 (2002), 1082-111; Dan Mishmar 
‘tal, "Natural Selection Shaped Regional mtDNA Variation in Humans” PNAS 100 
(2003), 171-6. 


181 On Y chromosome patterning, ee Feter A. Underhillet a, “¥ Chromosome 
‘Sequence Variation and the History of Human Ropltions,” NatGen 26 2000), 358- 
(60; Michael E Hammer etal, “Hierarchical Patterns of Global Human ¥-Chromosome 
Diversity" MBE 18 (2001), 1189-203; Peter A Underhill et l, “The Phylogeography 
‘of ¥ Chromosome Binary Haplotypes andthe Origins of Modern Human 
Populations” Annals of Human Genetics 65 (2001), 43-62: and Michael F Hammer 
and Stephen L. Zegura, “The Human ¥ Chromosome Haplogroup Tree: Nomenclature 
and Phylogeography of ts Major Divisions" ARA 31 (2002), 303-21 (314): Mark A. 
Jobling and Chris Tyler Smith, "The Human ¥ Chromosome: An Evolutionary Marker 
Comes of Age" NatGen 4 (2003), 598-610, Peter A Underhill and ToomasKivsilk, 
"Use of ¥ Chromosome and Mitochondtial DNA Population Structure in Tracing 
Human Migrations" Annual Eevew of Genetic 41 (2007), 539-64 


‘a2 Francesco DEsrico et al, “Massarus Rrussiamus Shell Beads from Blombos Cave: 
Evidence fr Symbolic Behavior inthe Middle Stone Age, JEumEy 48 (2005), 3-24; 
Lawrence. Barham, "Backed Tool in Middle Pleistocene Central Africa and Their 
Evolutionary Significance,” JHumEv 43 (2002), 585-603; Systematic Pigment Use 
In the Middle Pleistocene of South-Central AfricaCA 43 (2002), 161-50; John E. 
‘Yellen, “Barbed Bone Points: Tradition and Continuity n Saharan and Sub-Saharan 
Africa African Archocological Review 15 (1998), 173-5; MeBrearty and Brooks, “The 
Revolution that Wasn't” 497-500, 530. 


189 OnBMISSe, see Hetherington and Reid, The Climate Connection, 156, 160-1, 177— 
81,213-14/and the somewhat conflicting positions in Scholz eta, "East African 
_Megadroughts”;Cohen et al, “Ecological Consequences” 


44 FN E Barton tal, “OSL Dating of the Aterian Levels at Dares-Sltan1(Rabet, 
Morocco) and Implications forthe Dispersal of Modern Homo Sapiens” QSR 28 (2009), 
1914-31jlila§. Castaneda et aL,“ Wet Phases inthe Sahara/Sahel Region and Human 
Migration Patterns in North Africa” PNAS 106 2009), 20159-63; Anne H. Osborne et 
1, "A Humid Coridoracrosthe Sahara forthe Migration of Early Modern Humans 
‘ut of Arica 120,000 Years Ag” PNAS 105 (2008), 16444-7;Abdeljal Bouzougear, 
*82,000-Yeur-Old Shel Beads from North Africa and implications forthe Origins of 
Modern Human Behavior” PNAS 104 (2007), 9964-9; Bena A.A. Garca, Crossing 
Deserts and Avoiding Sent: Aerian North Aftican-European Relations JAnthfe 60 
(2004),27-53, 


105 Robert C. Walter eta, Early Hurnan Occupation of the fed Sea Coast of Eritrea 
‘during the Last Interplacal" Natur 405 (2000), 65-9. The early dates inthe United 
‘Arab Emirates are reported in Simon |. Armitage et al,“The Southern Route’Out of 
Ate! Evidence foran Early Expansion of Modern Human into Arabia” Science 331 
(2011), 453-6; the Oman- Nile Valley connection is reported in fete. ose ta, 
"The Nublan Complex of Dhofar, Oman: An Aftican Middle Stone Age Industry in 
Southern Arabia," Plos ONE 6 (2011), 28239; see also Jeffrey I Rose, “The Question of 
Upper Peitacene Connactions between East Africa and South Arabia" CA 85 (2008), 
551-5, On the Levant, ee Ofer Bar-Yoref, “The Bole of Wester Asia in Modern 
Human Origins PTRS,L8 337 (1992), 193-200; Trenton W. Holliday, Evolution at 
the Crossroads: Modern Human Emergence in Western Asia." AmAnth 102 (2000), 
54-68, Acheulian tools recently recovered in Crete and dating to 130,000ybp might 
‘berelated to this modern pulse, or could reflect movement of Neanderthals. In either 
event, itis evidenceof early open-water transit: Thomas Strasser etal, Stone 
Age Seafaring in the Mediterranean: Evidence from the Plakias Region for Lower 
Palaeolithic and Mesolithic Habitation of Crete” Hesperia 79 (2010), 145-00. 


‘86 Hetherington and Reid, The Climate Connection, 223-6 


97 Michael Petraglia, "Midi Paleolithic Assemblages from the Indian Subcontinent 
‘before and after the Toba Super-Eruption, Science 317(2007), 114-16; Michael 
“Haslam etal, “The 74 ka Toba Super Eruption and Southern Indian Hominins: 
‘Archaeology ithe Technalogy, and Environments at Jwalapuram Locality 3°JArckS 
37 (2010), 3370-84. 


‘58 This South Asian synthesis hasbeen sketched in Michael D Petraglinet al, "Out 
of Avia: New Hypotheses and Evidence fr the Dispersal of Homo Sapiens along. 
‘the ndian Ocean Rim,” Annals of Human Biolagy 37 (2010), 288-311; Stephen 
Oppenheimer, “The Great Arc of Dispersal of Modern Human: Africa to Australi” 
(Quatint 202 (2009), 2-13;Jlia. led et al, “The Southern Dispersal Hypothesixand 
the South Asia Archatologial Record: Examinations of Dispersal Routes through GIS 
‘Analysis’ JAnthArch 26 2007), 88-108; Ted Goebel, “The Missing Years for Modern 
Humans,’ Science 315 (2007), 194-6; Hannah V. A. James and Michael . Petraglia, 
"Modern Human Origins and the Evolution of Behavior inthe Later Pleistocene 
Record of South Asia” CA 46 (2005), 53-527; Philip Endicot et al, “Genetic Evidence 
‘on Modern Human Dispecralsin South Asia: ¥ Chromosome and Mitochondrial DNA 
Perspectives: The World through the Eye of Two Haplold Genomes,"in Michael, 
Petraglia and Bridget llehin, eds, The Evolution and History of Human Populations in 
‘South Asia Dordrecht, 2007), 229-44, 


19 Jeffrey L Rose, New Light on Human Prehistory in the Arabo-Persan Gulf Oasis" 
‘CA'S1 (2010), 849-3; Amanuel Beyin, “Upper Piestocene Human Dispersal out 

of Afr,” A Review ofthe Current State ofthe Debate” International journal of 
volutonary Biology (2011), 615-94; MV, Anikovich ea, “Exely Upper Pleoithle 
in Eastern Europe and implications forthe Dispersal of Modern Humans” Science 317 
(2007), 223-5; Anna Olivier etal, “The mtDNA Legacy ofthe Levantine Early Upper 
Paleolithic in Attica” Science 314 (2006), 1767-70. 


90 Fora discussion, see Phillip Endicott et al, “Evaluating the Mitochondrial 
‘Timescale of Human Evolution, Cell Trends in Ecology and Evolution 24 (2009), 515 
21 


191 On the assimilation thesis, se note 62, an, among many others, Fred H. Smith et 
al, "Modern Human Origins” VPA 32(1989),35-68; Rosalind M, Harding, “Archaic 
African and Asian Lineage in the Genetic Ancestry of Modern Human” AJHG 60 
(1997), 770-89; ohn Hawise al, “Population Bottlenecks and Pleistocene Human, 
Evolution,” MBE 17 (2000), 2-22; Miford Ht. Wolpo “Modern Human Ancestry at 
the PeriperiesA Test ofthe Replacement Theory” Science 201 (2001), 293-7. Alan 
‘Templeton, “Out of Africa Agnn and Again” Nature 416 (2002), 45-51; Rosalind 
[M Harding and Gi McVean, “A Structured Ancestral Population forthe Evelution 
of Modern Humans” Current Opinion in Genetics k Development 14 (2004) 667-14; 


‘Michael F Hammer et a, “Heterogeneous Patterns of Variation among Maitiple 
‘Human X- Linked Loct The Possible Bole of Diversity Reducing Selection in Non- 
Atscans? Genetics 167 (2004), 1841-53: Vinayak Eswaran eal, “Genomics Rfutes 
an Exclusively Aftican Origin of Humans” JHamEv 49 (2005), 1-18. For critiques, 
‘see Ginter Briueret al, “On the Reliability of Recent Tests...” The Anatomical Record 
‘Pert A 279A (2008), 701-7; Andres Manica etal, “The Effect of Ancient Population, 
Bottlenecks on Human Phenotypic Variation” Nature 448 (2007), 346-8 Gullaume 
Lavalet al, Formulating a Historical and Demographic Model of Recent Human, 
Evolution Based on Resequencing Data from Noncoding Regions, PlosONE 5 (2010), 
e102. 


92 Richard E. Greene al, “A Draft Sequence ofthe Neanderthal Genome” Sclence 
328 (2010), 710-22, See also Davi Caramel ta, “28,000 Years Olé Cro-Magnon 
MDMA Sequence Dies from Al Potentially Contaminating Modern Sequences,” 
‘los ONE 7 (2008), «2700, The most recent estimate i that Neanderthals didnot 
survive ater than 239,000y6p: Ron Pinhasi eta, "Revised Age of Late Neanderthal 
Occupation andthe End ofthe Middle Paleolithic in the Norther Caucarus,'dok: 
10,1073/pnas.1018938108 PNAS May 9,2013. Two genetic studies reject a local 
erectus source of modern humans in Est Asi} ¥ Chu, “Genetic Relationships 

of Populations in Chin,” PNAS 95 (1998),11763-8;and Yuehal Ke etal, "Aftican 
Origin of Modern Humans in East Asta: A Tal of 12,000 ¥ Chromosomes, Science 
292 (2001), 1151-3, Anndiect ine of evidence from the penetic oflice muggests 
at eat “social” contact between modern and ancient populations: David L Reed et 
al, "Genetic Analysis of Lice Supports Direct Contact between Modern and Archale 
Humans," PLoS Biology 2 (2008), 40. 


‘99 David Reich, "Genetic History of an Archaic Hominin Group from Denisova Cave 
In Siberia” Netur 468 (2010), 1053-60; Laurent Abi-Rached etal, “The Shaping, 
of Modem Human Immune Systems by Multiegional Admixture with Archale 
Humans,’ Scince 334 (2011), 89-04. also Wu Liu et al, “Human Remains from 
Zhirendong, South China, and Modern Human Emergence in East Asia" PNAS 107 
(2010), 19201-6, The Denizovans carried a FOXP2 language gene similar to that of 
the Neanderthals See Reich and Marci et al,"A Recent Evolutionary Change” 


94 Henry . Harpending et al, “The Genetic Structure of Ancient Human 
Populations" CA 34 (1993), 483-96; Stephen T Sherry et al, “Mismatch Distributions 
‘of mtDNA Reveal Recent Human Populations Expansions” Human Biology 66 (1998), 
‘761-75; Alan . Rogers and Lyn B Jorde, "Genetic Evidence on Modern Human 
Origins" Human Biology 67 (1995), 1-36; Henry C. Harpending etal, “Genetic Tracer 
‘of Ancient Demography" PNAS 95 (1998), 1961-7. 


‘95 Relethfor, Genetics and the Search for Modern Human Origins, 168-71, 


196 Vinayak Eswaran, ‘A Diffusion Wave outof Africa: The Mechanism ofthe Modern 
Human Revolution?” CA 43 (2002), 749-8; Eswaran etl, “Genomics Refutes an 
Exclusively African Origin of Humans” 


{97 Dissenting views would include Foster, “Ice Ages and the Mitochondrial BNA 
‘Chronology’; Pearson, “Has the Combination”; Gabor T, Marth etal, “The Allele 
Frequency Spectrum in Genome Wide Human Variation Data Reveal Signals of 
Differential Demographic History in Three Large World Populations” Genetics 165 
(2008), 351-72; Lev A. Zhivotovsky et al, “Features of Evolution and Expansion 

‘of Modern Humans, Inferred from Genomewide Microsatellite Markers” HG 72 
(2003), 1171-86; Laurent Excofr, Human Demographic History: Refining the 
Recent Aftcan Origin model" Current Opinion in Genomics and Development 12 
(2002), 675-82; "Beconstructing the Demography of Prehistoric Human Populations 
from Molecular Data," Evolutionary Anthropology 11/S1 (2002), 166-70. 


90 Elise Ele, “Estimating Relative Population Sies from Simulated Data Sets and 
the Question of Greater African Eective Size,” AJPA 116 (2002), 1-12; Elise Er, 
“Population Extinction and Recolonization in Human Demographic History,” 
‘Mathematical Biosciences 177 and 178 (2002), 1-10; Ese Ere al, "Local Extinction 
tnd Recolonisation, Species Effective Population Size and Modern Human Origins” 
‘Human Biology 76 (2004), 689-709; John Wakeey,“Metapopulation Models for 
Historical Inference," Molecalar Bllagy 13 (2004), 865-75;Relethford, Genetics and 
{he Search for Modern Human Origins, 171-7; Harding and MeVean,*A Structured 
‘Ancestral Population” Abert Tenesa etal, “Recent Human Effective Population, 
Site Estimated from Linkage Disequilibrium,” Genomic Research 17 (2007), 520-6, 
‘come up with very small effective populations sizes of 2,50 to 3,000, Foran earlier 
‘iscustin ofthe importance of extinctions, see N. Takahata, “A Genetic Perspective 
‘onthe Origins and Histary of Humans," Annoal Review Ecol Syst.26(1995),343-72, 


9 Pearson, “Has the Combination,” 147. 


100 The classic statements for population regulation inthe Faecithic were 
presented inthe esays in Richard B. Lee and irven Devore eds, Man the Hunter 
(Chicago IL, 1968); Don E. Dumond, “The Limitation of Human Population: 
‘ANatutal History” Science 187 (1975), 713-21; Feksi A. Hassan, Demographic 
Archasolgy (New York, 1981); and Marvin Harris, Cannibals and Kings (New York, 
1977, 11-25. 


401 Marshall ubling Stone Ape Economics (New York, 1972). 


102 Mark Nathan Cohen and George] Armalegns, Poleopathology at the Origins of 
“Agriculture (New York, 1984) Richard Steckel and Jerome C Rose, eds, The Backbone 
‘of History: Health and Nutrition nthe Western Hemisphere (New Yor, 2002) See 
(Chapter Sand Figuce 6. 


103 Charles N. W. Keeler, “Catastrophic Mortality in Simulations ofForager Age- 
at Death: Where did all the Humans Go in Richard R Paine ed Archaeological 
Demography: Mulidiscipinary Approaches to Prekstori Population (Carbondale, 
1997), 205-26; Kim B Hill and A. Magdelena Hurtado Ache Life History: The Ecology 
and Demography ofa Foraging Pople New York, 1996); Gary Warrick, Population 
“History of the Huron-Petan, A.D. 500-1650 (New York, 2008) 46-51. Forthe recent 
_Renetic estimates of population growth, see Christopher R.Gignowx eal, “Rapid, 
Global Demographic Expansions after the Origins of Agriculture" PYAS 108 (2011), 
6044-0. For critiques ofthe population regulation model and further arguments 
regarding the role of crisis mortality in limiting Palealithle numbers, see Albert} 
‘Ammerman, “Late Pleistocene Population Dynamics: An Alternative View” HumEcol 
3(1975), 219-33; W.Penn Handwerker, “The First Demographic Transition: An 
Analysis of Subsistence Choices and Reproductive Consequences" AmAnth 85 (1983), 
5-27; Lahr and Foley, “Toward a Theory of Modern Human Origins; James W. Wood, 
"A Theory of Preindustrial Population Dynamics: Demography, Economy, and Well 
Being in Malthasian Systema," CA 39 (1998), 121; Richard R Paine, “Ifa Population 
Crashes in Prehistory, and There no Paleodemographer Thereto Hear It, Does It 
‘Make Sound?" AM 112 (2000), 181-90; Steven Shennan, “opulation, Culture, and 
the Dynamics of Culture Change,CA 41 (2000), 811-35; Stephen Shennan, Genes, 
‘Memes, and Human Hiatory Darwinian Archaeology and Cultural Evolution (London, 
2002), 100-23; James Boone, “Subsistence Strategies and Early Human Population 
History: An Evolutionary Ecological Perspective,” WaArch 34 (2002), 6-25 (21), 
and Jon C. Caldwell and Bruce K.Caldwel,“Petransition Population Control and 
Equilibrium, PopSt 572003), 199-235. 


1104 Dorothy H Crawford, Deadly Companions: How Microbes Shaped Our History 
(Oxford, 2007), 46-55, 


105 On the demographics of ‘archaeological visibility” in the Aftican Middle Stone 
‘Age, see H. J Deacon and}. Thackery, “Late Pleistocene Environmental Changes and 
Implications forthe Archaeological Recordin Southern Aftica”in .C.Vogel ed, Late 
‘CainozoicPeaeoclmates ofthe Southern Hemisphere (Rotterdam, 1984), 375-00; Lahr 
and Foley, “Toward a Theory of Maxern furan Origins” 163. tn general, see Keckler, 
“Catastrophic Mortality”; Ammerman, “Late Pleistocene Population Dynamics"; 
‘Shennan, “Population, Culture, andthe Dynamics of Culture Change” 


106 Massimo Livi-Bacci, Population and Nutrition: An Esay on European Demographic 
History (New York, 1991), 111-13. 


107 See Burroughs, Climate Change in Prehistory, 37-63, 


108 Burroughs, Climate Change in Prehistory, 37-68 provides a summary; for other 
‘overviews, see Stefan Rahmstorf, “Ocean Circulation and Cimate during the Past 
120,000 Years Natur 419 (2002), 207-14; Peter Clark et al, “The Hole..”; Wallace. 
‘Broecker, “The Chaotic Climate” SA 273/5 (Nov. 1995), 62-8; Wallace Broecker and 
George H. Denton, “What Drives GacialCycies?" A 262/1 (Ja. 1990), 48-56, 


109 Holger Braun et al, "Possible Solar Origin ofthe 1,470 Glacial Climate Cycle 
Demonstrated in a Coupled Model Nature 438 (2005), 208-11; for other approaches, 
see 8, Staufer, "Atmosphere CO; and Milennial-Sale Climate Changes during the 
{Last Glacial Period,” Nature 392 (1998), 59-62;R B, Alley “Stochastic Resonance 
{inthe North Atlantic" Mleoceanography 16 (2001), 190-8; Andrey Ganopoakl and 
Stefan Rahmstor, “Abrupt Climate Changes due to Stochastic Rexonance” Physical 
‘Review Letters 88/3 2002), 038501; and Burroughs, Climate Change tn Prehistory, 67- 
4 


1105. Frits etal, “Milennal-Seale Climate Variability during the Last Glacial 
Period in the Tropical Andes” QSR 20 (2010), 1017-24; Rik Tallin etal, "Coherent 
High-and Low-Latitude Control ofthe Northwest Atican Hydrological Balance," 
[NatGeose (2008), 670-5;and Jessica E Tierney etal, “Northern Hemisphere 
Controls on Tropical African Climate during the Past 60,000 Yeas” Science Express 
(Sept. 1, 2008) Epica Community Members, “One-to-One Coupling of Glacial Climate 
‘Variablty in Greeniand and Antarctica" Nature 444 (2006), 195-8; Xianfeng Wang. 
tal, "Wet Periods in Northeastern Brazil over the Past 210 ky Linked to Distant 
‘timate Anomalies" Nature 432 (2004), 740-3; Mark A Altabet etal, "The Effect of 
‘Milennial-Scale Changes in Arabian Sea Denitrification on Atmospberic CO,” Nature 
4415 (2002), 159-62; Lowell Sot et al, "Super ENSO and Gicbal Climate Osclations 
‘at Millennial Time Scales” Science 297 (2002), 222-6; Gerald Bond etal,"A Pervasive 
‘Milennial-Scale Cycle in North Atlantic Holocene and Glacial Climate" Science 278 
(1997), 1257-66. 


1111 Ulrich Maer ta, "The Rote of Climate inthe Spread of Modern Humans into 
Europe," QSR30(2011), 273-9, 


1112 Shennan, Genes, Memes and Human History. 


113 Wood, "A Theory of Preindustril Population Dynamics Stephen Shennan, 
“Demography and Cultural Innovation: A Model and Its Implications forthe 
Emergence of Modern Culture" CArc]11 (2001), 15. See also Peter} Richerson and, 
‘Robert Boyd, “Institutional Evolution in the Holocene," in W.G. Runciman, ed, The 
Origins of Social Institutions (Oxford, 2001), 197-254, See also the references in note 
47. 


114 Ester Boserups classic statements were in The Condition or Agricultural Growth: 
‘The Economic of Agrarian Change under Population Pressure (Chicago, IL, 1965);and 
Population and Technological Change: Study of Long-Term Trends (Chicago, TL, 
1982). For the most important Malthusian extensions ofher argument, ee Ronald 
Lee, “Malthus and Boserup: A Dynamic Synthesis," in Davi Coleman and Roger S. 
‘Schofield es, The State of Population Theory Forward from Malthus (Oxfors, 1986), 
96-103;and Wood, “A Theory of Preindustral Population Dynamics” 


1115 These population expansions are the subject of considerable debate, but 
for positive summaries, see Excoffer, “Human Demographic History” and 
“Reconstructing the Demography” 


116 Onold age and modern humans, Catherine Driscoll, Grandmother, Munters, 
sand Human Life History” Biology and Philosophy 24 (2008), 665-86; Rachel Caspar 
and Sang Hee Lee, "Older Age Becomes Common Late in Human Evolution," PNAS 
101 (2004), 10895-900. 


1117 Where Boone in Subsistence Strategies and Early Human Population History" 
sa tis intenslon/expansion coming withthe Neolithic, the folowing have 
extended this interpretation tothe Upper Paleolithic Adam Powell ta “Late 
Pleistocene Demography and the Appearance of Modern Human Behaviog" Science 
3324 (2009), 1298-301; Joao Zhao, “The Emergence of Ornaments and Art:An 
Archaeological Perspective onthe Origins of Behavioral Modernity” JArchRes 15 
(2007), 1-54; Shennan, ‘Demography and Cultural Innovation" Lahr and Fley, 
“Toward a Theory of Modern Human Origins” 146-8; Foley and Lahr, “On Stony 
Ground," 119; McBrearty and Brooks, “The Revolution that Wasn't” $31-3, Mallat, 
‘The Impossibe Coincidence” 23. Fora discussion of language families and the 
spread of human in the Upper Paleolithic, ee Patrick Manning, “Homo Sapiens 
Populates the Earth Provisional Synthesis, rivileging Linguistic Evidence,")WHT 
17 (2006), 115-58. The evidence for population expansions in broad spectrum: 
‘foraging willbe discussed in Chapter 3. 


118 Catherine Driscol, “Grandmothers, Hunters and Human Life History” BolPlos 
24 (2008), 655-86. 


{119 Brian, Chase, “South Africa Paleoenvironmente during Marine Oxygen lotope 
“Stage 4: A Context forthe Howiasons Poort and Stil Bay Industries" JArchS 37 
(2010), 1359-66:Zencbia Jacobse a, "Ages forthe Middle Stone Age of Southern 
Africa: Implications for Human Behavior and Dispersal” Science 322 (2008), 733- 

5; Erella Hovers and Anna Belfer-Cohen, “Now You eet, Now You Dont Modern 
Human Behavior inthe Middle Paleolithic"in Erella Hovers and Steven I. Kuhn, 
‘sd, Trancitione before the Transition: Evalution and Stability inthe MidalePeleaithic 
and Middle Stone Age (New York, 2006), 295-304; 5.1 Kuhn etal, “The Early Upper 
Paleolithic and the Origins of Modern Human Behavior, in P Jeffrey Brantingham et 
al, es, The Early Upper Paleolithic beyond Wester Europe (Berkeley, 2004), 242-8 


1120 Here refer to Boserup but alsoto Jared Diamond, Guns, Germs, and Steel: The 
Fate of Human Societies (New York, 1997), 111-12, who describes autocatalyic 
feedbacks beginning with the Agricultural Revolution, 


Part II Domestication, Agriculture, 
and the Rise of the State 


3 Agricultural Revolutions 


List of Figures and Tables for Part I: Domestication, Agriculture, andthe Rise of 
the state 


Figures 

1L1 The Younger Dryas, the Holocene, and early cultures inthe Americas 
112 The Neolithic in Southwest Asia and Northern Africa 

113 The Neolithic in South Asia and East Asia 

114 The Halistatt Cycle and the contours ofthe Holocene 

1LSabe The climate modes in the Holocene 


116 Adult statue in the Mediterranean and Europe 28,000 BC to present 
‘Tables 


1L1 World population totals and increase, $000 BC to present 
12 Estimates ofthe Neolithic Demographie Transition 


Figure! The Younger Dryas the Holocene, and early cultures inthe Americas, 
“The arc of precession riven solar insolation was the key force behind the great 
‘warming ofthe Early Holocene, withthe cold mekt-water reversal of the Younger 
Dryas registering in ice-core readings of atmospheric methane, storms inthe Arctic 
and the strength of the Siberian High Pressure System, and inthe positioning ofthe 
Intertropial Convergence Zone along the north coast of South America. The ITCZ 
‘was pled far tothe north in the warm Early Holocene between 9000 and S000 BC. 
At the same time sea surface temperatures inthe Western Pacific were high, and the 
INi /Southern Oscilation system stood in minimal extreme La Nila mode. As 
‘lar insolation was reduced by processional shif, the West Pacific cooled andthe 
TCZ moved south, and the ENSO sifted sharply toward an El Nifio mode, notably 
following 3000 BC. The frst city-states in the New World on the Peruvian coat, were 
launched on this sudden burst E Nifo precipitation. 
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‘ie and decline of cak pollen in the Hula Lake sediments (northern Israel) between, 
9500 and 6500 BC marks the period of the Early Holocene “megamonsoons”—the 
waning ofthis monsoon seems have shaped the decline of the Pre-Pottery Neolithic 
‘cultures. The emerging influence ofthe winter Atlantic westeris, running through 
the Mediterranean into Anatolia and Central See capture nthe rising oakpollen at 
{ake Van from 6000 BC. In northern Africa the humid Atlantic and Indian Monsoons 
retreated sharply inthe fourth milennium. 


‘Figure 1.3. The Neolithic in South Asia and East Asa. 
‘South and East Asian Monsoon records record the impact of the Younger Dryas, the 
peak of Early Holocene moisture, and the general retreat ofthe monsoons after 600 
tracking the cooling of the West Pacific Warm Poo. 
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‘gure 1.4. The Hallstatt Cycle and the contours ofthe Holocene, 
(Over the length of the Holocene, neof the central features ofthe climate system 
hha been the recurrence of od intervals, marked by minima in the Siberian High 
(measured by potassium laden dus from Siberia deposited in Greenland ce). The 
“Siberian High event between 6700 and 6000 BC was caused by a meltwater reversal 
with the collapse ofthe Laurentian jeshee#t. But the next three millennial cold events 
were caused by “Halsatt solar minima, in the fourth millennium BC, around 1200 
BC, and around AD 1400, Solar intensity als drovethe associated cycescf ice rafting 
{nthe North Atlantic, with pulses ofc at and between each Halstatt minimum, The 
Halstat events can also be detected inthe records of more equatorial site, in eastern 
Attica, South Ching, andthe Caribbean coast of South America, 


Figure 1.6, Adult stature inthe Mediterranean and Europe, 28,000 BC to present. 
Adult stature sa very rough measure ofthe health status of ancient populations. 
Seriet of data for Europe suggest an inverse relationship between population size 
and adult stature, with Europeans losing height from the ater Paleclithic into the 
‘Neolithic, ofellting around a shorter norm, and then suddenly breaking out to taller 
‘ature in the past century or 20, 

(The tines on this chart are created by displaying reported heights forthe middle 
thme fifths ofthe reported pric only, with the fist and final fifths moving to 

the next reported height level) Soures: Eastern Mediterranean: Angel in Coben. 
and Armelagos; Western Europe Palesithic Formicola and Giannechini; Northern 
Europe [Latvia Gerhards, 
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Source and note for Tables 1.1 1.1, and Figure: Lewis. Binford, 
‘Constructing Frames of Refeence:An Analytical Method for Archaeologica! Theory 
Building Using Hunter-Gatherer and Environmental Data Sets (Berkeley, CA, 2001) 
provides quantitative modeling of primary (plant) and secondary (animal) 
biomass productivity in Early Holocene gobal biomes that establishes the best 
‘estimate of human population at the beginning ofthe Holocene (7 milion); 
‘ee 142-4 Binford estimates population in the Ealy Holocene at 9000 BC tobe 
7 milion. Fo te period from 400 BC forward I use the figures from Jean Not 
[iraben, "Essa sur Evolution dl Nombre des Hommes, Population 34 (1979), 
13-24, at p16, Se also David Cristian, Map of Time: An Introduction to Big 
History (Berkeley, CA, 2008), 344-5. Between infor 7 milion at 9000 BC 
nd Birben's 153 milion a 400 BC, have estimated populations assuring 

‘8.03 percent global growth ratefor the Neclthic, a ough 07 percent rate for 
sgraran societies, and introduced two checks, at 2200-2000 BC and 1300- 
1100 BC. The climatic and epidemic forces behind theve checks are discussed 
at Tength in Chapters 6 and 7. The Neolithic and agrarian growth rates are 
‘based on data in Christopher R. Gignoux et al, “Rapid Global Demographic 
‘Expansions after the Origins of Agriculture” PNAS 108 (2011), 6044-9; Jean- 
rne Rocquet-Appel, “Estimates of Upper Palesithic Meta-Populaion Size in 
Europe from Archaeological Data," JA7cAS 32 (2008), 1656-68;and Xisotiang Li 
st al, “Increases in Population and Expansion of Rice Agriculture in Asia, and 
Anthropogenic Methane Emissions since SOOORR,*Quatint 202 (2008), 41-50. 
‘Thererults here are roughly analogous tothe catsc result in Robert L Carmelo 
and Daisy FHeilse, “On Determining the Probable Rat of Population Growth 
during the Neolithic," AmAnth 68 (1966), 177-81. More recently this argument 
{for very sow population growth during the early Nealthichas been developed 
{in Bruce Smith, “Low-Level Food Production,” JAnthRes9 (2001), 1-43. 


‘Table 1.2 estimates ofthe Neolithic Demographic Franition 


te The ting ofthe ise af man erty is bond srt with he cs of 
spicular, but these indices of a"rtie Demographi: Transton” support the 
Potion that dramatically higher frit began at with arent domestication ant 
horticulture at with he secondary Products Revolution” ante nensiiati of 
‘pict, apab "ate eae” 


Source: jean-Perre Bocquet-Appel, personal communication, August 17, 
2011, revision of dats originally published ic Guerrero et al, 64-65; Bocquet- 
‘Appel (2002), 640-641; Bocquet-Appel and Na, (2006), 343-144; Data for 
‘tes at Eynana, NetivHagdud Jericho, Abu Gosh, Catalhéyk, Ain Ghazal and 
Sawwan I from Hershkovit and Gopher, 447; Hilson ta, Hole, 161-63. Dating 
‘of North American periods is by broad period, nt specifi sites, andi based on 
Munos, etal. 


“Thecrigins of agriculture ay in the sudden end of the Pleistocene, asthe cold ry 
is Wort tar ee eat cacti, gave Way a Ue Wate, Wet Holocene 
‘tia has akira ace evr ince" Altar spread nly acfoae AGT a! 
nie ig i ek sages ofthe leistocene, humanity suddenly 
settled down in villages and began to produce ~rather than simply to forage for~ 
the sustenance of survival This was what we have called since the day of the great 
archatologstV. Gordon Childe the agriculture revolution or the Neolithic revolution. 
“This was the much debated “moment” of domestication, ae plants, animals, and 
People themselves were transformed by a synergy of human action and natural 
‘contingency to forge a radically new configuration of human behavior and natural 
‘cology. The result would be an accelerating growth of human numbers, and the 
‘emergence of an entirely nw set of tensions between humanity and nature. 
‘Wecall this a “revolution” in the human circumstance, but such terms depend, 
‘on your perspective. In geological and evalutionary time, the emergence of sete 


lifeand agricultural production was certainly a revolutionary transformation If 
‘we imagine the 5 millon years of human evelutionary time asa twenty four-hour 
etiod, the entie 300,000 years of modern humanity compriser about an hour anc 
‘thal the 135,000 years since modern humans may have eft Africa comprise about 
‘Ahalfhou and the 12,000 years since the end ofthe Pleistocene and its aftershocks 
‘comprise slightly more than four minutes Against similar twenty four-hour clock 
‘ofthe geological time of evolving earth systems since4 6 bilion yeas ago, these 
‘epochs are even mare minute: about sx seconds since the emergence of modern 
humanity, one second since the fist successful departure from Africa, and afew 
‘nanoseconds since the end ofthe ce ages. Viewed from the long history of the earth 
system or the emergence of the human lineage, the ise of settled agriculture seems 
‘imply a single phase in the brief, explosive eruption running from the emergence of 
‘modern humans and their global colonizations andintensifcations to cur present 
high-technology, overpopulate,cimatically unbalanced condition. But if we view 
‘the emergence of vetted agriculture in historical time i seems excruciatingly sow. 
“The lala Pleistocene came to an end around 14,600 years ago, Its aftershocks ended. 
11,600 years ago, but not until about 10,000 years ago was an agriculture based on 
‘domesticated plants and animals clearly extablished inthe greater Levant and China, 
tnd when some of these societies were suffering their frst collapse 8,000 years ago, 
agriculture was only at its most iniplen stages in most ofthe ret ofthe world Not 
‘until about 6,000 years ago, more than ha the total time elapued since the end af the 
Pleistocene, was mach of humanity ona clear course toward agriculture! 


‘Thus, in human terms, the emergence of agricultural scities wat slow and 
‘complex story. Here hope toreducecomplesty to pattern, After establishing afew 
‘efiitions and ecological frameworks, and sketching the basi outline of imate 
change between the inal cycles of the Pleistocene and the middle of the Holocene 
‘epoch (roughly 4,600-S000ybp), tis chapter examines the rie of agriculture 

In light of oth the effects of climate change andthe cumstances of global 
‘cological regions I suggest that two broad “agroecologes" inherently more and 
less productive, expansive, and depleting systems of food production, emerged with 
the warming climates ofthe post-lestocene worl, shaped by climate and ecology, 
snd profoundly shaping human conditions The mote productive and depleting of 
there systems, based on cereals and domesticated animals, developed in discrete 
hearths of domestication and spread rapidly across the semitemperate latitudes of 
‘the Old World structuring both a precocious ise ofthe state and the emergence of 
devastating diseases. The second ofthese agroecnlogical systems, various Kinds of 
‘mized horticulture developing slowly and diffusely throughout the tropics, rarely 
‘was productive enough to sustain large populations * The consequences ofthese two 
‘tajectories out ofthe Pleistocene were profound Escaping from the burden of erratic 
‘ce age limates with the warming of the Holocene the growing numbers of people 
‘ofthe major Old Worl cereal animal complexes were soon resubjected to morality 
‘rises in new formas they locked into an agricultural economy Conversely, the 


Considering the emergence of agriculture requires at eat brief reconsideration 
‘ofthe essential role of energy in natural species and ecosystems Alliving species 
survive to reproduce themselves through an unremitting metabolic action, 
‘comvertng energy and nutrients into viable life. At the heart of this metabolism ies 
the photosynthetic process tha combines solar energy with chemical resources, 
‘shared among communities of primary producers and various levels of consuming 
predators, Ecosystems comprise the local, regional, and global combinations of 
species competing fr flows of energy and cycles of mutrients, contributing to or 
subsisting on “net primary productivity" (NPP), fundamental measure ofthe total 
biological output, ofthe biota that comprise the system asa whole. Such *rystems” 
‘ofcourse are actuating and variable, changing in character over the entire span 
‘of earth history and conditioned by long shifts and regular cycles of solar radiation 
and earth climate. Thus through global time the earth ata whole varies in its net 
primary productivity with the waxing and waning of ehouse and greenhouse 
‘uper-cycler,echoed in shorter chronologies by the orbitally driven cold paciations 
nd warm interplacals And around the earth at any given time temperature and 
‘molature shapes the global biomes of tropical ran forests, deserts and steppes, 
temperate and boreal forests, and tundra and polar ie fields each generating their 
“dstinct and very different pattems of NPP Varying in space and changing through 
time the climatically determined conditions ofthese global biomes have driven the 
‘evlution of species and the composition oftheir ecalogcal communities in which 
they survive 

‘Thelives of proto-humans and ealy modern humans were fundamentally shaped 
by these constantly shifting conditions of net primary productivity, determining the 
‘parameters oftheir endless food ques, the earliest and most basic form of ‘energy 
capture" As mammalian primates they were predatory consumers and with slowly 
‘advancing cultural sis they moved up the food chain tobecome highly specialized 
high-level predators on the African savannah and the Eurasian steppes. Increasingly 
effective sis inthis food quest determined the evlutionary fatecf individuals and. 
‘bands, Formos of thishistory, however, they remained simple consumers, collecting 
‘energy and nutrients from an entirely natural word, and entirely tthe whim fits 
natural uctuation Survival lay in predicting this variability and adapting toitby 
‘moving witht, whats formally called habitat tracing. Over the past 100,000 years, 


‘the warm Eemnian interglacial (MISSe) at 135,000-116,000ybp or even posibly 
‘the previous long interglacial (MIS7) at 240,000-200,000ybp. Atleast one African 
lant may have been domesticated quite early. Genetic evidence suggests that, while 
bottle gourds have global distribution, they areallAftian in origin, and thatthe 
‘division between African and Aslan forms was extremely early Inits wild form the 
‘bottle gourd would be too brite to survive Noating inthe ocean, the established 
argument for its global distribution. This newest work suggests that the bottle 
‘gourd was domesticated in Africa before the out-of Afi dispersal, selected for a 
thicker, more durable rind, and caried throughout the wotld by colonizing Upper 
Paleolithic peoples. ight, watertight container would have been extremely useful 
ln the materla culture of a thinly scattered, highly mobile people. More concrete 
‘evidence, in the form of starch granles on tols in Mosambique dating toroughly 
100,000 year ago, indicates that Middle Stone Age peoples must have been at east 
‘occasionally harvesting wild cereals Cover n time, it appears thatthe fst sgn 
of landscape management and proto-cutivation in highland New Guinea andthe 
‘Solomon Islands may have begun as earty as 40,000ybp, roughly contemporary with 
the beginning of serious brning by ealy Australians? 

Ino doing early humans demonstrated one essential prerequisite for the 
agricultural revolution: an intellectual capacity to link cause and effect and 

to asociate present action with future reward. Buta number of other critical 
requirements may not have been inplace.Firt and foremost, itis clear that 
roductive agriculture is simply impossible during pacal epochs. During 
_laclations, global climates are too cool and dry to support the temperature and 
‘olsture requirement of vigorous plant growth, and, equally important, the low 
levels of CO; in the atmosphere had particularly severe impacts on the C3 plants that 
‘makeup large proportion of the key founder crops 0 Glacial period climates were 
also extremely variable so that conditions from year to year or decade to decade 
‘Would have undermined the continuity of production necessary in ealy agriculture 
‘Thus we can isolate at least four key prexequisites for the emergence of agriculture, 
‘the specialind production of fod energy Agriculture is only possible when 
‘people arebright enough andthe climate is warm and stable enough In addition, 
agriculture is aleo only possible wien biti fe cooperates. There may not have been 


many plants or animals amenableta domestication besides the useful botle gourd 
in Eemian Africa. As Jared Diamond has stresee, both plants and animale must 
have the appropriate suite of qualities that willalow domestication. They must be 
‘reasonably productive nthe wild state to attract human effort, and they must be 
tenetically and behaviorally exible, reproducing on an annual cycle and adaptable 
to diferent environmental conditions Itturns out that such species were relatively 
sparsely distributed across the globe at the onset of the warm postglacial Holocene, 
|solated in particular regions that would develop into the various hearths of 
agriculture: most importantly the Fertile Crescent, northern and central China, the 
African Sahel, and Mesoamerica. The pull of particular biotic resources profoundly 
shaped the move to fod production. 

‘And then there isthe fourth prerequisite the push of necesity. The rst modern 
human populations were tiny, on the oder oftens of thousands or less and they 
appear tohave responded tothe warm conditions of MISSe(135,000-116,000ybp) 
by dispersing within Ati and perhaps into Asa: segmentation and spersal easily 
solved any local uareities But such simple dispersal into “empty space” could not 
Reon forever, and many Upper Paleolithic peoples in longer-setted regions were 
beginning to each some ofthe limits oftheir environments The transition to 
tgriculture with the warming ofthe Holocene was also shaped by local conditions 
of demagrapy, ecology, and geography. Very broadly the pace ofthe transition to 
tgriculture was governed by warming climates, the suitability of 1ocal specie 
‘helongevity of human occupation ofa given ares But even in older regions where 
suitable plants and animals were common, most important the Fertile Crescent, new 
foods and new means of acquiring them only slowly tok on larger roles in aquest 
for subsistence predictability. The pash of necessity came slowly and subly nti t 
ruddenlyteok hold of humanity, as growing numbers, acl degradations and global 
timate shifts foread an autocatalytc intensification ofthe fod questin full-scale 
agriculture and toward the rie ofthe erty state 


‘This transition to settled agriculture can be seen ata progressive intervention into 
the “natura” flow of energy nd nutrients through regional and global ecosystem, 
| fundamental series of transitions ina mach longer histary of rach energy 
extracting interventions. Atone extreme, we need to bear in mind that archaeologists 
ae finding “anthropogenically” altered landscapes as far backasthecontrolof 

fire, pethape 700,000-800,000 years ago, when human populations might have 
spproprated.O1 percent of the local net primary productivity. Atthe other extreme, 
contemporary societies extract some 30 percent ofthe total NP produced on the 
‘entire earth. 2 By various estimates, crude bt Uluminating, this longer transition 
‘increased per capita daily energy consumption from about 6 000 kcal to anywhere 
‘from 160,000 kal to 230,000 teal The transition to agriculture might have moved 
‘human daly consumption to 12,000 kral/day, not much, i would appear, but more 
than double that of foraging society. Such a doubling didnot happen overnight, 
‘nor over asmooth continuous curve? Anthropologists have devoted considerable 


effort to establishing the energy parameters this transition Ther calculations 
‘evolve around balancing estimates of energy cost and energy rewards of foraging 

‘foc variou species with the costs and rewards of expending the effort to managing 

there or other species to ensure a more regular food supply, set agnnsta backdrop of 
‘imate change and very slow population growth. 

‘While there is no universally accepted “magic formula” there i good reasonto 
suggest several incremental steps leading eventually to agriculture These steps 
‘would include Paleolithic burning to enhance optimal grasses for hunting, clearing 
weeds around more useful buts wild plants, moving the plants themselves ot 
scattering their seeds to encourage their growth, and the intentional planting of 
seeds of long tended plants that would otherwise never germinate full-scale 
‘domestication, Similarly, wild animals might be progressively corralled on a course 
towar domestication, Some ofthis might have been inadvertent, as seeds lost ot 
excreted around caves or camps sprouted useful plans, The energy requirements 
‘ofthese efforts would have to be lower than those of lessnterventionist hunting 
and gathering to make them worthwhile, though many f ther would have 
progressively unfolded from the local gathering rounds of women, rather than the 
long-range hunting by men, and even from the practices of children, whove practices 
of play were inevitably practice for the food quest. Bruce Smith has described these 
sages out of foraging and into early agriculture asa continium of low-level food 
production” running from acultvation ofthe wilétoa small-scale horticulture of 
species moving toward domestication, but which might be regularly outcrossing 
‘backto wild species? Full-seale agriculture comes when the domestication 
threshold has been crossed, which can best be described as a complete codependency 
In which neither humans nor the cultivated species can maintain thelr adaptation 
and numbers without the other ¢ With this dependency would come an exclusion; 
humans would devote thelr food-quest efforts tothe propagation of few highly and 
predictably productive domesticated species and cut their tes tothe natural world. 


‘The purpose of thes efforts was to collect increasing amounts of botcally fixed 
nergy in more concentrated locations where t could be more predictably ured 
forsubsistence By concentrating useful species in smaller spaces agriculture 
Increases the net primary productivity that a given location can produce, Thus space 
‘was integral to this transition from wild to domesticated. There was an inherent 
relationship between the agricultural transition anda reduction of human mobility, 
and the relationship may not have been one way. intensified gathering becoming 
cultivation alowed people to reduce their moby and settle down in villages 
Conversely, however, the constriction of hunting territories by slowly erowing 
‘populations of neighboring bands may haveled to local depletions of wild resources 
and the rowing attractiveness of erly cultivation. Time was als in play Hunting 
foraging bands plotted the seasons against topography in an effort to “stare food. 
‘on the landscape: moving from location to locaton in seasonal ound, they could 
‘with good management avoid starvation Cultivators becoming farmers would avid 


such mortality by storing food more locally in their seed caches, in their herds in 
thee storeroome Gradually they routinzed and expanded their contra of energy 
sand nutrients, buffering themseves from the starving times that inevitably afflicted 
foraging peoples Thus these changes in dit and mability worked to increase their 
‘numbers. Witham increasing preictabilty came increasing population. Women had. 
‘more children and more ofthe very young survived the weaning process Energy 
captured translated into more people. With more people and prismaticimpactson 
local ecosystems would come the new human condition: the constant struggle to 
sustain through ime the increasingly intensified use of larger local, regional, and 
slobal domains. 

‘We shouldbe careful about any population-driven arguments, however, because 
_lobally the advance of population was extremely sow. In strategically located 
laces, however circumstances may have been leading to surges of population, 
‘hough litle hard evidence exists to suggest that this was necessarily the caxe 
‘Ultimately, energy inbiotic systems is dependent on climate, and climate wasthe 
‘most powerful determinant ofthe agricultural revolution. Without the warming of 
the earth with the end ofthe Pleistocene, the transition to food production and the 
entire subsequent course of human civilization coulé never have unfolded. Again, 
fim historical terms the transition to agriculture moved slowly, in geological and 
human evolutionary time t was instantaneous, ands effects ar silvery much 
‘with us. Over about 5,000 years, beginning around 8500 BC, allo the basi founder 
‘crops that stl fed human populations ~ wheat, barley ce, potatoe, millet, corn/ 
‘alae sorghum, and yams were domesticated and put to human uses!” OF 
then, all but maize, mit, and sorghum are 3 plants, which suffered in theCO;- 
‘depleted glacial atmosphere and began to flourish when CO, rove with the postglacial 
warming, Some have argued that agriculture was “impossible during the Pleistocene 
but inevitable during the Holocene”!* Thus we must turn toa review of the earths 
clmate history through this critical transition, 


Changing Climates: The End of the Pleistocene 


“The inal pacal epoch ofthe Pleistocene began around 75,000 year go, driven 
by the action f orbital cytes on solar insolation see Figures16,IL1-1L4). The 
arth climate moved down along irregular slope of increasing cold conditions, 
{interrupted by several warm Dansgaard-Oeschger intervals until it reached the 
{Last Glacial Maximum (LGM: BIS2), a period of almost continuous continental 
_lacation running from 25,000 to 14,600 years ago. The LGM began with 2 deep, 
3000-year Jong Heinrich cold event interrupted by a warm Danspaard-Oeschger 
spike at 23 400yp, and closed with afinal Heinrich cold event at 16 500-16,000ybp. 
“Throughout the Last Glacial Maximum, methane recorded inthe Greenland ice— 
‘mostly derived from the tropics now reduced by glacial droughts —felltoalmost 350, 


ppb, les than half the modern (peindustra!) igure and the lowest evel in more 
‘han 100,000 years. Atmospheric CO, ~a fundamental driver of theclimate system 
stayed below 200 ppm typical fr the coldest depths of lacal 1 Ar measured by 
‘he lux of salt and dust inthe Greenland ice cores, the high and middle latitudes of 
thenorther hemisphere were wracked by recurring and intense winter storminess, 


‘The glaciation was distantly but profoundly fet along the equatorial tropics, 
“where the tropical convection system known a the Intertropical Convergence Zone 
was weakened and displaced wellto the south. During the depths ofthe LGM, asin 
previous glacial, the reductions of CO, solar warmth, and atmospheric molsture 
all severely affected biotic fe around the entire earth, limiting C3 plat growth and. 
drying the tropics, where deserts expanded and rainforests shrankintorelativey tiny 
refuges Rather than green and blue, the dominant colors of the earth were brown, 
and white 


But at the depths ofthe LGM, greenhouse gases began to slowly ise, and the 
Heinrich event at 16,500ybp roughly 14,500 BC- was caused by acollapse of part of 
the eastern Canadian ce shield hinting at changes to come: The Pestocene finaly 
broke at 14,600ybp(12,600 BC), marked by surge of temperatures and greenhouse 
kites The overriding cause ofthe end ofthis glacial cycle was the gradual waning of 
the inked forcings of orbital precession and obliquity, bringing increasingly warmer 
winter temaperaturesto the winter poles. This effect was manifested inthe melting of 
“Antarticlce and then transmitted pobally through the global circulation system in 
great sloshing of ocean waters: a huge collapse inthe Antarctic ice sheet sent asurge 
of fesh water nto the southern oceans, pushing warm tropical waters north and 
restarting the North Atlantic thermohaline pump? 


‘The effect on global climates was immediate though slow changes had been 
{inmotion for several thousand years Oxypen{sotope readings in Greenland had 
been creeping up but after 14,700ybp (12,700 BC) they jumped from glacial ~ 

239 peril reading toanear modern-35 in 200 years, mazking the onset ofthe 
Warm interval called the Bolling Alerad. The “Siberian High,‘a wintertime high- 
pressure system over central and northern Asia, had been extremely strong in glacial 
times. Ar measured by dust and Atlantic sea sat inthe Greenland ice cores ts 
Intensity collapsed suddenly at exactly the same time. Greenhouse gases had been. 
tsng slowly, but now they surged. Methane rose precipitously, derived both frm, 
tropical sources and melting tundra: ithad risen into the 4005 ppb by 18,000ybp 
(16,000 8C) and then jumped from the 480s around 15,200ybp to more than 660 
_ppbby 14,300ybp (12,300 BC). Driven by changes in oceanic chemistry that are stil 
being worked out, at wel aby several millenia of massive volcanic eruptions, 
atmospheric CO; slowly but steadily ose to modern levels by roughly 11,00ybp 
(0,400 20). The renewed thermohaline circulation rough warm waters and 
ambient temperaturesintoNorthem Europe, as did the inexorably avancing pattern 
of orbital precession and obliquity, which brought increasingly warm summers 


‘the northern hemisphere At the sametime, ses surface temperatures in the shallow 
‘waters ofthe west Pacific rose, adding the force ofa hry tropical component tothe 
‘rapid postglacial warm-up 

‘This northern and tropical warming combined to impel the Intertropical 
‘Convergence Zone (FTCZ) to the north, x measured at the Donnge Cave on the 
‘South China coast andin the sediments in the Caraco Basin off Veneruela. This 
‘equatorial system of rising oceanic air and fling moisture wraps around theearth 
at the meeting of pair of climatic doughnuts formally called the Hadley cell. The 
‘Position ofthe ITCZ relative tothe equator is fundamentally determined by the 
Influence of orbital precession in warming the postglacial northern hemiephere, AS 
had happened at the end of previous glacial periods, the north-riding ITCZof the 
Early Holocene brought witht strong monsoonal summer rans toNorth Africa, 
‘the Mediterranean and Southwest Asia, India, and China. Under the force ofthis 
‘enhanced global monsoon system, the tropics bloomed and temperate biomes began 
to advance north, displacing taga forests andthe tundra steppe ** 

‘This warming was, however a false start. Is formal name isthe “Bolling” 
Inerstadia, and though interrupted by a colder “Older Dryas" interval tt continued 
Into the Aller for 3 400 years (12,600-11,000 BC). The Older Dryas was a 
harbinger of rome serious postglacial hiccups, however After 10,900 BC, a erious 
cooling uti, ntensifying into about 1200 years of near glacial cold. This event, 
the "Younger Dryas,"is named fora tundra lower common nthe ie ages that once 
[puzzled European paleo-scentsts because its pollen reappears in European sediment 
«cores twice after the seeming end ofthe Pleistocene Climates throughout the world 
fetiback into thei luca mode and pushed the ITCZ south tothe equator, weakening 
the monsoon system that water Afica and southern Asa. Methane, fundamentally 
a product of tropical environments, seems to have been delayed int response, 
‘dropping sharply about 800 yeas after the cold onset and recovering 400 years after 
the rudder polar warm-up. The cases ofthe Younger Dryas are now in some debate 
‘The extablished explanation hasbeen that warming temperatures melted North 
American sheets, and then the impounded melt water suddenly released into the 
Labrador Sea shut down the North Atlantic thermohaline pump, Recently evidence 
hha suggested that this melt water pulse was driven northwest, into the Arctic Ocean 
along Canada's McKensie River. This thesishas been amplified by evidence for alow. 
_atmorpheric explosion ofa meteor cr comet over North America, which would have 
“decimated life across the continent and released the melt water pulse driving the 
‘Younger Dryan** 

In any event, the Younger Dryas was the final major event of laial cold It abated 
suddenly in the century fllowing 9700 BC. The Younger Dryas would not be the ast 
aftershock ofthe Pleistocene two other shorter met water reversals the ‘Preboreal 
‘Oscllaton” and the “Laurentine Crise" a 8200 8C and 6200 BCrespectivly— 
‘brought cold temperatures to the North Atlantic. Bu the Early Holocene that 


{llowed the cold Younger Dryas was aparticulariy warm epoch. Lasting for more 
‘than 4,000 years, the Early Holocene was the warmest peri the earth had seen for 
at east 100,000 years and warmer thant has been since "This erahas traditionally 
been alld the “Holocene Optimum’ orthe “Holocene Megathermaland inthe 
‘terms of an older climate science includes lof the “Borea” and Atlantic L"In the 
northern hemisphere, the boundary between coniferous and deciduous forests was 
several hundred miles north ofits current latitude. Asthe northern landmasses 
‘warmed, drawing the TTCZ north, regular monsoons watered the entire region 
from East Asia tothe Sahara, which reverted toa green steppe grassland. Around 
'5000 8, at the bepinning ofthe Mid Holocene, these ideal warm conditions would 
begin to abate; for 2,000 years, various markers indicate the return to cooler more 
unstable climates, culminating inthe Mid-Holocene Crisis of roughly 3000 BC. But 
‘the Early Holocene Optimum, and beforeit the Biling-Allead warming andthe cold, 
‘dry Younger Dryas itself, would be the context in which humans in afew eitical 
locations around the world would begin to stein, to cultivate local landscapes, and 
boginto produce fod through farming. 


New Climate Science, New Archaeological Science 


‘We know these things because technological revolution unfolding in climate 
‘cence over the past decade ts revealing an increasingly detatled picture of the 
Pleistocene deglaciation andthe character of climate variation in the Holocene 7 
‘Ancient CO; and methane gases extracted frm dated layers i the polar le cores 
provide the foundational evidence Scientists are making major effort torecowr 
leecore records trom tropical glaciers threatened by global warming #* Traditional 
ological materials derive from ocean cores simple sediments as well as various 
chemical signals, are providing a detailed picture of the ebb and flow of tropical 
‘monsoon systems, sare chemical signals in ayers of ancient coral, seashells and 
the limestone ‘speleothems (stalactites in common parlance that precipitate in 
caves29Catbon-16 has long been ameuns of dating ancient organ materials, but 
thas been carefully corrected through calibration withthe tree rings of ancient 
California briste-cone pine Variations in the calibrated carbon-14 scale provide 
| proxy forthe rate of insolation ariving at the top ofthe atmosphere, and thus 
rmearure of solar forcing of climate Ancient tree rings themeslves provide both 
‘exact dating and abiotic record of climate change, a dothe sediments in lakes and 
‘ops! 

Aparallel technological revolution has been under way inthe archasological 
analysis of domestication and early agriculture. While a generation ago welearmed. 
Im introductory courses that this transition would remain forever bscure because 
‘organic materials were invisible the archaeological recor, the past two decades 
has sen an all-out effort to render them vsile, i trough the microscope, building 


‘on established methods ofthe anaiysis of pollen recovered from lake and bog 
‘sediments. The study of domestication has taken an enormous leap forward withthe 
‘discovery that many plants, but primarily grasses, produce their own fingerprints 
Inmicroscopic “tones”: microscopic structures of silica called plytoliths unique to 
‘ach species develop in leaves and stems Just as phytalith can be harvested from 
archaeological sols, so too species unique grains of ancient starch can be slated 
‘onthe surface of grinding implements. Methods have recently been developed to 
‘detect the isotopic signatures of milk and beer on archaeological pt sherds, and 
‘ofterrestrial or marine species diet in human bone. Such work fellows an older 
‘method of studying the surfaces offline forthe distinctive gloss that develops 
when they ae used to harvest grasses, determined by experiment with reproduction 
tools. More directly, the now routine fine screening of archaeological deposit, and 
running samples through floatation machines, has produced a huge volume of 
‘organic material that older methods would have lost. Sees fom these collections 
se being sectioned and microscopically examined to determine whether they show 
sign of domestication, usually inthe thicknes of thes husk, On the consumption, 
de, broad categorie of dit - marine versus terrestrial ~ produce chemical 
signatures that rurviv in bones, and new works under way toasters these isotopic 
signatures in prehistoric skeletal material Equally importantly, though usually 
‘more macroscopically, the stresses of life de, work routine, disease, and violence 
~ produce thelr sgnatureson the skeletal anatomy, and increasingly ambitious 
projects are under way to interpre the long-term history of human health from 
systematically recorded skletal collections. 


Finally theres genetics, both of plants and of humans Just asthe exploding work 
In genetic history i providing new structure tothe history of human emergence, 
tis bringing increasingly precise detail to our understanding of the shapeof the 
Inuge expansions of population tat followed the Pleistocene and the emergence 

of agriculture. The historical analysis ofthe pmetics of modern populations is 
Increasingly supported by a parallel analysis of pnetic material from archaeological 
shaletons. The genetic analysis of plant and animal species is providing yet 
nother st of information on the proces of domestication” And finally the 
refined recalibration ofarbon-14 dating is giving an ever-sharper picture ofhow 
archaeological deposits around the worl align in time, both with each other and 
‘withthe signals of climate change inthe archives of sedimentary layers that detall 
thenatural history ofthe earth” All ofthese efforts comprise the baie of our 
‘understanding ofthe human condition inthe Early Holocene. Given limitations of 
space inthe following account, will only beable to summarize the findings and 
Implications ofthese methodologies, nd not be able todo justice tothe nuances and 
caveats that their practitioners Bring to thei arduous work 


Human Adaptation at the Bolling-Allerod 
‘Warming: The Mesolithic 


‘Warmer climates are easier to survive than are glacial ones. Such isthe simplest 
perspective on the gest post Pleistocene warm-up andthe implication ofan effort 
to measure the sizeof populations of Upper Paleolithic peoples in Europe, through, 
the Last Glacial Maximum and into the Balling-Allered. Nothing in these estimator 
‘would suggest alate Paleolithic population crisis. Between the arrival of Upper 
Paleolithic peoples in Europe around 45,000 years ago andthe Last Glacial Maximum, 
European populations probably hovered near atotal of around 5,000 people. This 
tiny population only slowly and incrementally grew, but onthe atherhand did 

not disappear in the fceof brutal conditions. Then with the warming conditions 
after 17,000 BC that accelerated with the onset ofthe Boling Allred at 12,600 BC, 
European populations may have risen by a factor of fv, spreading out tothe north 
asthe glaciers retreated. Though much of ths population growth resulted from the 
svalability of new territories, population densities may have almot tripled with the 
warming climates. 


ocquet-appe's estimate of Western European popultion atthe end of the 
Pllstocene 


Average Average Averane 
Greenland estimated estimated 
Methane European population 

porate ny per 


‘Aurignacian yesnce0 BC ava rrh oue 
Graverian Si-tyece BC 430 ppb oun 
Solutrean-Magdelanian —2}-17,000 BC 406 ppb ons 


(LGM) 
Magdalenian Mesolithic 17-11,000 BC _ 59x ppb 


Sources: Population estimates from Jean-Pierre Bocquet-Appl, “Estimates, 
‘of Upper Paleolithic Mets Population Size in Europe from Archaeological Data, 
_JArchS32 (2005), 1656-68; methane from dats supporting Brooks el, “Rapid 
Variation in Atmospheric Methane Concentration during the Pat 110,000 


Years" 


Europe i uniquely amenableto such estimates becausit isthe most carefully 
surveyed region inthe work, but this leaves the rest ofthe world uncounted. There 
\sarange of estimates for human population numbers, though they may have stood 
_atroughly 7 milion people a the end ofthe Pleistocene and itis certainly reasonable 
to suggest that this number climbed significantly as climates warmed.* The 


‘Rgures for Europe may indicate thatthe warming oflte glacial nd Bolling Aller. 
times brought s sudden release from Peistocene mortality rises and a consequent 
‘population explosion. 

But the ecological changes that came with these warmer climates crested their 
‘own problems aswell With the three-step fot ofthe Bolling Allred warming, the 
‘Younger Dryas cooling and the erly Holocene rewarming, biomes that had been. 
‘ma relatively stable cool and dry glacial mode began to change significantly Inthe 
tropic, dry forest and serubland gave way to rainforest, and deserts turned into 
shifting savannahs. Inthe mid-attudes, from Europe and Southwest Asiato China 
and North America, ry steppes eve way to various temperate forest types governed 
by the low of rain-bearing winds Global terrestrial net primary productivity 
probably roughly oubled between the LGM and the Holocene Optimum >> 
Adjusting to this bounty, however, was not easy, because by early inthe Holocene the 
“packaging” of the easly useable NPP had changed considerably Upper Paleolithic 
peoples, particularly outside of sub-Saharan Africa, found that the big game that had 
provided the big “protein packages” in their diet for hundreds of thousands of years 
was disappearing. 

‘The causes ofthe megafaunal extinctions area matter of considerable debate, 
‘What clear i that larger species of herbivores, and carnivores as well, went extinct 
Inthe Americas, in Australia, and acroes Eurasia. Only in Africa, where humans 
and their prey had lived together for milion of years, did the megafauna survive, 
perhaps a suggestion that human hunting did havea hand in their demise elsewhere 
‘The overkill hypothesis, advanced most vigorously by Paul Martin, port thatthe 
sudden impact of highly skied big game hunters, or simply ecologically disruptive 
‘human populations, maving into unoccupied regions during the global colonization 
ter 60,000ybp, played ay ole inthe disappearance of the megafauna. The 
contrary postion finds tle hard evidence, and argues forthe impact of the end of 
the ast lication: the overkill theorists quite justifiably retort thatthe earth had 
‘moved through atleast nine such cycles in the past milion years without such a 
die. Adding complexity to this debate, the advocates of « Younger Dryar meteor 
Impact see that ventas critical to both megafaunal collapse andthe sudden end of 
the North American Paleindian Clovis point tradition, a marker of wideranging 
hunting peoples" 

‘When allof the evidence isin, two basic point will probably emerge First it seems 
mort likely that 2 confluence of causes wat at work, with species weakened bythe 
‘end ofthe glacial climates done in by the fire-making, hunting people appearingin 
ther midst forthe fist time. Second, t willbe equally clear that the megafaunal 
‘extinctions relly have only a tangential besring on the origin of agriculture. The 
‘major extinctions can be dated to around 45,000-S0,000 years agoin Australia, 
11,000 yeas ago inthe Americas, and as late as 5,000 years ago in remote northern 


‘Siberia. In noneof these areas are these extinctions followed immediately by a 
sudden transition from mobile hunting to sedentary proto food production. 

‘The eality was abit more prosaic. While the great dramas of megafaunal 
‘extinction were taking place atthe cutting edge of human expansion, peoples 
In longer-occupied regions were experiencing amore general change in local 
‘biogeography asthe postglacial warming changed steppe regions into forests of 
various kinds. More than the great extinction, this simple biotic transition reduced. 
‘the numbers ofthe herd animals that had ranged on the open grasslands of placial 
times. At the same time sing sea levels and increased rainfall began to flood the 
‘continental shelves creating entirely new hotspots of net primary productivity in 
estuaries swamps, and marshlands Very simply, useable NPP shifted from steppe 
toward wetland, but it required an entirely new technology and social scheduling to 
‘exploit, And acros this sequence of biotic change two other variables were coming 
Into pla. Longe-setted regions, some now with quite ancient settlement histories, 
‘may have bee filing up with foraging bands with increasingly competitive 
‘claims to territory, and in some ofthese gions the constraints of topography on 
the distribution of NPP-ich resources imposed boundaries to further expansion. 
Archaeologist Lewis Bnford describes this moment asthe “packing threshold” when 
‘he ratio between population and NPP pushed people into an intensifying trajectory 
toward food production. It would bein these areas of circumscription, f appropriate 
food species were avalabe, thatthe transition toward food production would begin 
with the Bolling Allerad warming. Alternatively, however, thas been proposed that 
living forthe first time in warm, wet environments, post-leistocene peoples would 
have struggled to maintain their numbers against an onslaught of new waterborne 
Aisease, and this “exogenous” natural force would have led to new demands for more 
Predictable sources of food "™ 


Pervasively, then, across Eurasia, China, northern Africa, and the Americas the 
endo the Mlestocene saw the end of the Upper Palealithic Driven by biotic change, 
human populations shifted toward a more sedentary settlement pattern and toward, 
‘he exploitation of smaller, more numerous species, toward plant gathering, toward 
froshorater and marine resources. Lewis Binford frst noticed this pattern inthe 
19606, ann 1969 Kent Flannery labeled it the broad spectrum revohtion”; Mark 
"Nathan Coben described it asthe transition from first-choice ta second <hoice foods; 
food production would bring the final transition to third choice foods * Their 
technology sifted toward the materia culture required to harvert this spectrum 
of more numerous, more productive, but small and faster prey: nets, traps, bows 
and arrows, baskets The formal labels for this epoch in human history vary from 
‘region to region in much of Eurasia te called the Mesolithic, im Southwert Asa the 
Epipalealithi, in the Americas the Archaic, andinAftcaitis broadly continuous 
‘with thelate Stone Age Iwill call them allmesolithicasashorthand. 


Ifthe European estimates ae even a vague approximation ofthe demographics of 
‘the wider transition, populations increased everywhere with the release from glacial 
‘dimates Population densities might have increased as mesolithic peoples settled 
{or longer seasons at particularly favorable sits onthe postglacial landscape But 
‘only in avery few specific locations i there evidence for an immediate transition 
‘twan intensive plant fod election that suggests form of prote-horticulture, the 
beginnings of Bruce Smith’ “low-level food production” For China, series of recent 
studies have found phytolth evidence for the sudden appearance of species of wild 
‘ce during the Blling-Alleod warming, na core from a looded estuary and fom a 
‘avesite in the ml reaches ofthe Yangtze Valley. The evidence seems to suggest 
both that rice was very sensitive to changes n temperature and CO,, and tha peoples 
In the region turned quickiy toharvesting wild rice at the frst warming *® Along the 
‘il, ncreasing monsoonal rainfall at its equatorial eadwaters brought catastrophe 
floods downstream, period called the Wild Nie eliminating a wide valley lor 
here Paleolithic peoples had lived off herds of wild cattle and hartebees: In 
response local Qadan hunter gatherers focused on fishing and, where porsible, the 
roots of marsh plants processed with grindstones to reduce thelr toxicity. 

But the best documented shift towand plant use came inthe southern Levant of 
the Southwest Aslan Fertile Crescent. Here, with the onset of significantly increased 
rainfall atthe opening ofthe Blling-Allero, the local Paleolithic Kebaran peoples 
settled into seasonal hamlets of pt houses, base camp in their wider subsistence 
iret, living off eollacting rats sed, acorns, and gazalles harvested in inreasingly 
sophisticated drives. These ilages if never as large a later Neolithic settlements 
are evidence of locally dense settlements of people living amongst the debris and 
‘burials of numerous generations and generating afar more complex cultura ife than 
thelr predecessor. Ifthe most recent DNA analysis srght, this was the point when 
dogs were domesticated from local wo populations we can imagine packs of vilage 
dogs feeding on garbage and providing an early warning syrtem forthe settlement. 
‘This was the Early Natufan nd asted for about 1,500 year, until the summer 
rains faded andthe Younger Dryas set in“? Natuian exploitation of plant resources 
had origins running back tothe preceding Upper Paleolithic (Kebaran) period, as 
‘demonstrated bythe dramatic discovery of waterlogged habitation stein the 
northern jordan Vale, iad with evidence of grass seed exploitation, dating to 
23,500-22,500sbp* Wile thi Ohaloll ste hasbeen presented az evidence for 
‘continuous pattern of plant gathering in the Levant through the Last Glacial 
‘Maximum, it dates exactly to the period ofthe brief warm Dansgaard-Oeschger 
Event 2,dated at 23,400ybp, and the highest cazbon-13 reding in the Soreq Cave 
speleothems a int of marginally better growing conditions forC3 plants for the 
‘entire peri between 35 000ybp and 18,000ybp ‘* Thus the Ohalo site might 
‘wel record a very brief flash of warm climate and intensive plant exploitation in the 
Jonger postglacial times, broken again with the Bolling Aled, when a second and 


Jonger climate riven trajectory toward a plant-based diet had more enduring results 
starting with the Early Natuian. 

‘ice phytoliths in the Yangtze region, sckes and grinding stones along the Nie, 
‘the dense Early Natufian settlements inthe Levant: these comprise the sum total 
‘ofthe enlist mown beginnings of horticulture in the fret warm epoch following 
‘the Last Glacial Maximum: It is certainly possible that there were slow trajectories 
{inmotion nthe Old World tropics that archaeological studies as yet have alle to 
detect, and despit ever-increasing efforts such early evidence has not been found 
{forthe New World. The archaeology ofthe earliest moves toward agriculture in 
the Americas is complicated bythe fat that there is not even a slid consensus 
‘hat human populations arrived before 12,000 years ago, after the Balling-Allered, 
Warming and in the mle of the colt Younger Dryas. On the other hand, arguments 
have been made for erie colonizations as erly xs 20,000ybp, along coastal 
routes fom Siberia, and even possibly along the le front from Europe. n any event, 
however, the western hemisphere, particularly the Mesoamerican New World hearth, 
was too thinly settled ~and the plant if too resistant to domestication forthe 
beginnings of agriculture to date to 10,000 BC.** 


‘What dothethre earliest trajectories toward plant dependence share n common? 
Each had a retource that wat amenableto intensive exploitation, though only in 
China and the Levant di this lead to succesful domestication, Each wat in an area 
Jong occupied by modern humans, the Nubian Nile since 60,000ybp, the Levant since 
40,000yp, and China trom perhaps 30,000 years ago. Each was located in the mid- 
luttudes, rather than the tropics though the Nubian Nile was considerably south 
‘ofthe latitude ofthe Levant andthe Yangtze Each also wasn some way bounded 
_evoqraphicalty and environmentally: the Yangtze sites are caves int dry limestone 
hls that surround mols swamps lakes and river valleys, the Nubian Nilea ribbon of 
‘raided channels and alluvium set between desert escarpments, the Levanta narrow 
strip of well-watered fills between desert tothe eat and the Mediterranean tothe 
wes, a sea that was precipitously rising and flooding once inhabited shores during 
‘he Boling -Alerod“” These were places where there were bountifil resources but 
fom which there was ite room for expansion. These were regions where inthe 
warm climates ofthe postplacial Bolling Allensd—it was easertodevelop complexity 
In place than to evade scarcity by moving, the ancient strategy of early humans. 
‘fa transition toward the mesolithic broad spectrum of foraging was beginning 
throughout the world, these three repions were places where local peoples took this 
Intensification ofthe fod quest toa new height. The stresses onthe peoplein the 
Levant have been detailed in a series of staces measuring the changing qualities of 
animal diet consumed by Kebaran and Early Natufian peoples. Looking at the animal 
‘bones preserved at archaeological ste, Natalie Munro has demonstrated that Early 
[Natuflans progressively consumed far more small game than did the Paleolithic 
ebaran peoples 2 sign thatthe depletion of resources was demanding new, more 


{Intensive subsistence strategies. Her conclusion isthat “human population packing 
‘and tervitorial circumscription undoubtedly characterized the cultural context ofthe 
anly Natuflan Levant Clearly, this wasa period in which environmental carrying 
‘capacity was effectively raised toa new level” Hereit seems clear that pressures on 
the land stemmed from the relatively ense populations ofthe Natuian hamlets, 
[would sem entirely likely that populations di grow in an unprecedented way 
during the Early Natufian, setting the stage fr a new criss ** 


‘The Younger Dryas and the Early Holocene: Cereal 
Domestication in the Northern Mid-Latitudes 


“The warm, wet weather ofthe Bolling-Allered lasted no more than 1 400 yeas, 
from 12,600 BC to roughly 11,200 8 when the cold glacial Younger Dryas stn, 
‘smelt waters slowed and stopped the North Atlantic thermohaline pump, and 
altered climates throughout the word. Though climate scientists can measure the 
Lmpact ofthe Younger Dryas onthe tropics ts effects seem to have been particularly 
gnifcant~or observable in the three clrcumscribed mid-latitude regions that had 
‘made such precocious strides towand a sedentary plant-dependent subsistence: 

‘Along the Yangtze River in China, rice phytlith totally appear from the 
record between roughly 11,000 BC and 9500 8, before reappearing in increasingly 
domesticated forms (ve Figure 3). Apparently elther increasing cold or changes 
ln seasonality radially diminished the growth of wild rice. * Asthe Younger Dryas 
tet in, the people of the Nie in Nubia (prexent day northern Sudan) seemed to 
have suffered the frst record resource wa. A Nublan cemetery excavated in 1968 
shows signsof extreme and systematic violence atleast 40 percent ofthe fifty. nine 
recovered individuals died viclent death, and many were buried in joint grav. 
Evidence for interpersonal, and probably communal, violence during tis epoch, 
has been found in Algeria and among the Natufian in the Levant. Along the Nie, 
the mesolithic population seems to have entered a downward spiral the culture 
associated with the violence-idden cemetery, the Qadan, disappeared in the middle 
athe Younger Dryas around 10,000 BC. Until 8000 BC, parts ofthe Nile Valley were 
virtually abandoned? (ene Figure.2). 

‘Thecold Younger Dryas brought a similar but better-documented deine to 

the Levant, where rainfall shifted from summer to winter around 11,700 BC, 
suggesting the retreat of the warm African and Indian Ocean surmmer monsoon 
‘andthe intensification ofthe Atlantic westerlies, bringing some winter rin to these 
‘regions (see Figure 12). Very rpily, the dense Early Natufian settlements of round, 
stonelined huts were abandoned, and the ate Natufans returned toa small-scale 
‘migratory subsistence, spreading out of the southern Levant north ta the Euphrates 
and south into the Negev desert I seems clear tht population dropped significantly, 
apparently because the plant resources that the summer rains had supparted— 


acorns, wild wheat, and barley - were severely reduced, Natalie Munro found that 
‘the Late Natufians shifted from small game aco larger animals suggesting that 
‘hunting pressures reduced as populations declined, either through attrition and local 
‘crisis mortality orby out-migration intoa very meager existence inthe desert. Many 
ofthe aspects of he flourishing materia culture ofthe Early Natufian dssppeared, 
‘butone important festure indicates a cultural continuity: the Late Natuflans wed the 
Early Natuflan village sits for graveyards, where they gathered perhaps annually to 
ebury their dea from scattered locations 5° 

{Inthese three regions, the glacial Younger Dryas had a serious impact on early 
food gathering people; tothe north across Eurasia mesoithic peoples moved back 
Ino Paleolithic ways forthe duration ofthis millennium of glacial cold" To the 
south, in the tropics, there sn clear indication that there were serious adverse 
Impacts butat the same time there is alsono indication that tropical peoples were 
‘moving apily and precipitously toward agriculture. Rather it would be in the 
Yangtze and the greater Fertile Crescent, both long occupied, circumscribed regions 
Inthe northern mid-atitudes with plants and animals amenable to domestication, 
‘where the rebound from the Younger Dryas into the warming Holocene would bring 
the mort rapid trajectories toward agriculture 


Archaeologists have argued fr some years thatthe stresses ofthe Younger Dryas 
led directly to domestication by the Late Natufan, building on along history 
ofelimate stress models. The rt was the “oasis thst” proposed by V Gordon 
Childe, who argued that agriculture developed in solated wet locations in a general 
“daricction ofthe Mid Eas at the end ofthe Feistocene. This approach wa rejected 
Inthe 19505 when scentists learned thatthe region got wetter, not rier, withthe 
Holocene Inthe 1960, Lewis Binford proposed a model in which population growth 
forced excets populations into marginal areas, where they developed agriculture: 
thisapproach was undermined asit became clear that domestication developed in 
favorable, not marginal, areas. The Younger Dryas thesis war developedin the late 
1980¢ and 1990s, ast became clear that post Pleistocene climate change was mote 
convoluted than previously thought. In essence it revives Child's ‘oasismodel” 
ow transferred to thecold dry conditions of the Younger Dryas. lt propor thatthe 
enlarge sedentary populations ofthe Early Natufian tk two routes when faced 
‘withthe stresses ofthe Younger Dryas: back to mobile hunter-gathering subsistence 
‘or forward into domestication, bringing wild wheat and barley into domestic 
cultivation quite rapidly, becoming farmers under the lash ofa climate reversal 
‘Unfortunately, recent work has considerably undermined this legant thesis. 
First, Natalie Munro argues that her evidence for 2 shift in Natufian bunting back to 
larger game indicates thatthe Late Natufian population was much smaller during 
‘the Younger Dryas, and shows no evidence of pressure toward agriculture cereal 
plants could potentially be domesticated ina relatively short period, perhaps 200 
‘otc generations, the evidence indicates thatthe real process was much slower, 


‘ontheorder of 2,00 to 3,000 years Mark Nesitt has done acarefulreview ofthe 
‘atest dates of known domesticated plants, and has concluded that domestication 
‘id not take place until after 8500 BC, almost 1,000 year after the end ofthe Younger 
Dryas; in what is called the Early Phase of Pre Pottery Neslthic B (PNB) arguing 
tht, while Late Natuflans might well have cultivated wild plants they id not 
‘domesticate them. Most recently there has been a recalculation of the dating ofthe 
pollen profile from Lake Huleh in Israel, based on anew understanding of thecarbon, 
‘content of modern waters affecting the C14 dating The old dating of the Huleh core 
Indicated an expansion of cereal pollen around 11,500 BC righ atthe beginning of 
the Late Natuian. The new dating of the Huleh core shifts this cereal onset by 4,000 
years, placing It at 500 BC, nthe Midale Phase ofthe FPNB®S (see Figure L2). 


‘Thecurtent consensus broadly suggests a series of adaptive cycles, andthe peoples 
‘ofthe Levant responded to the sequence of climatic change in an oxilation between, 
low-density foraging and higher density sedentism and proto-agriclture, During 
the Late Natuflan, under the stress ofthe Younger Dryas, the peoples ofthe southern 
Levant deperse from their sted hamlets, but retained Imowiedge of plant 
exploitation and developed a burial cult inked with the old settlements. The last 
several hundred years ofthe Younger Dryas (10000-9700 BC) were particularly 
sever, shattering the Late Natufln peoples into a thin jumble of refugee groupsin 
the Jordan valley." Then asthe climate warmed with the tue onset ofthe Holocene 
round 9700 BC, peoples throughout the western Fertile Crescent fom the Levant up 
{nto Anatolia settled into new and larger village, again with round or oval stractures, 
situated on spring fd alluvial fans where barley and wheat stands may have grown, 
‘more thickly. This was the Pre-Potery Necithic A, but ax yt the °Nealithic™ 
component was pretty minimal. These were sedentary untergatherers much like 
‘he Natufians, but without the pottery that typically sa marker ofthe Neolithic, and 
cultivating wid plants rather than controling domesticated plants. The PPNA and 
‘he ensuing Early PPNB, running from 9600 BCto roughly 8200 RC, weethetrly 
transitional cultures in the emergence of agriculture in Southwest Asia. The PPNA 
people ofthe Levant, cultivating wid arly, wheat, and rye in an early frm of food 
‘water farming, increasingly learned its ecology, while contemporary peoples tothe 
north in Anatolia began to edge wild goats and sheep into domestication. True 
agricultural dependence advanced only after a short climate deterioration at perhaps 
£300-£200 BC that led to the abandonment ofthe PPNA villages and a period of 
raflugee migration 3” The ensuing Early PENS was brief perio of consolidation and 
-eageregation, unifying the prote-domesticNood-water farming ofthe Levant with 
theherded goats and sheep of Anatolia ino the beginnings of an “agro pastoral 
synthesis" supporting large villages with fr the frst time rectangular 
“structures It egems ear that the shift fom oval to rectangular houses isan almost 
‘univers marker of the transition to agriculture andi seems tobe associated with 
theneed to define measured space and to protect property. They also began the 


process of controlling herded animals rather than simply hunting them, 
‘domesticating goats and sheep." 

‘The geography ofthis transition t domestication and rectilinear vilages was 
‘much broader than the Natufian and the near mullennium of slow transition 
sppenrstoniggest that domestication was not relly a concerted effort t improve 
‘production Rather it appearsto have been almost an accidental” by-product ofa 
system of trade and exchange, what archaeologists calla interaction sphere in which 
peoples in an extensive repion circulated far and wide inthe context af an ongoing 
‘burial ult derived from the Late Natufan Seeds exchanged on what appear to have 
been pilgrimage to sacred sites, such asthe apparent temple at Gobel Tepe in 
southern Anatoli, sem tohave been the vehicle for distributing increasingly viable 
“domestiates over a wide region °° 

‘The outcome would be fuly apparent inthe Middle Pre-Potery Neolithic B 
‘epoch, when the Lake Huleh pollen profile, a curentiy redated, begins to rister 
‘gnifcant amounts of cereal pollen settling nto the lke sediments, andthe ensuing 
{Late PNB. Their vilages grow in sie and complexity, aso their plastered house 
with elaborate two-floor plans and warrens of storage rooms. Supporting these 
villages were not only domesticated grains, but increasing numbers of goats and 
‘sheep, followed by pgs and cattle after about 6800 BC again circulated through trade 
patterns that linked the entire region. Theve were places where the *agro-pastoral 
transition” had taken place, and with ita revolution n predictability and continuity 
tn food resources. Grains could be stored and grown from seed; animals could be 
hrded and preserved forthe future, a guaranteed supply for dally sustenance and 
‘hedge against hard times. The result in numbers were quite startling, though 
‘we can only estimate the size of the largest villages and gues atthe growth of total 
populations: 


Estimates of settlement ste, Levant, 15,000-6000 BC 


Geometric Kebaran 15,400-13,0008C 18-22 


Early Natufan —13,000-11,5008¢ 
lateNatufian —11,500-96008C 60 
PNA 9600-85008C 350 


Early PNB ‘ss00-81008¢ 


MidalePPNB ——8100-73008C 760 


1LatePPNB 7s00-s7008¢ 3,300 
inal PPNB(C) 6700-62005 
Pottery Neolithic 6200850 400 


‘Souyee: lan Ful, “People and Space in Early Agricultural Vlages: Exploring. 
Dally Lives, Community Sie, and Architecture inthe Late Pre-Pottery Neolithic,” 
HAntharch 19 (2000), 75-102; and Henry, “Models of Agricultural Origins” 


‘These were places where the wild had been domesticated and transformed; 
‘buflered from the more immediate uncertainties of nature, people increasingly 
fbxatedon the problem of ie. And an elaborate ritualism of mortality prevailed, 
running back tothe Late Natufian with burials saturating the lors and alleyways 
‘ofthese villages, and the decorated skull of household patriarchs watching over 
households from ritual nlches and shrines °* 


‘This Near Eastern intensification of cultivation, transition to domestication, and 
florescence of early agriculture unfolded ovr three millennia ofthe warmest climate 
ofthe Holocene (see Figures 1.1 and 1.2), Methane readings inthe Greenland ice 
cores, which had fallen backto almost 450 ppb, rebounded to more than 700 ppb by 
'600 BC.CO reached 260 ppm by 9400 BC, virtually the norm forthe preindustiat 
Holocene. Throughout the wold, thecimate was warmer and moister than thas 
been since, with powerful thermohaline circulation and the northward-tracking 
Intertropial Convergence Zone bringing intense summer monsoon rans acrost 
smi-attude Asia, northern Africa, andthe tropical Americas what arebeing 
called mega-monscons *? During these centuries of good weather, agriculture began 
to emerge in several hearths around the worl This was a slow and incremental 
process, nota sudden explosion atleast when measured in historical time. Ifttook 
almost a millennium from the end of the Younger Dryas forthe peoples of the Fertile 
(Crescent to ative atthe fist approximation ofan agricultural economy, in most 
other places it took considerably longer fr either local damestication or for local 
people to adopt agricultural practices spreading out fom hearths of domestication. 
‘Azan, the types of local species, and the particular pressures on local populations, 
shaped the chronology ofthe wider transition to agriculture. 

“The Chinese transition to agriculture shared many ofthe same characteristics 
sethat inthe Fertile Crescent, and fllowed rough the same chronology (0 
Figure I.3), At the end ofthe Younger Dryas a strong East Asian monsoon pattern 
‘was reestablished, bringing warm, wet conditions as far northas the Yellow River 
‘twrepions that had been cold and ary during glacial times. Broadly speaking, the 


‘emergence of agriculture in China can be divided into a cultivating “Initial Neolithic" 
‘0f9000-7000 BC, perhaps analogousto the Netufian or the transitional PNA in 
‘the Fertile Crescent, and a domesticated Early Nealithi™ of roughly 7000-5000 
Bc, with an economy of villages growing rice or mult, with domesticated pigs 

and chickens, roughly equivalent tothe PPNB, equivalent except that in Chinathis 
[Neolithic was not "pre-pottery"IIn the north in te Yellow River Valley, where 
millet was domesticated by 7000 EC, the earliest known village sit datesto 
‘oughly 8500 BC, and revels evidence of grinding implements, pottery and the 
possible domestication of dogs and pigs as early as 11,000-10,500 BC, roughly the 
petiod ofthe Younger Dryas Inthe Yangtze Valley, evidence for rice exploitation 
‘eemerger inthe wake ofthe Younger Dryas, with half ofthe phytoliths suggesting 
‘domestication by 7500 BC. The details of how village life might have begun in 

the intervening two millennia is unknown, asthe fist site in the Yangtze inthe 
pel basin at Pengtoushan, dates to about 7500 BC; another early site just north 
‘ofthe Yangtze at lah inthe Hual River valley dates at the earliest to 7000 BC, The 
Pengtoushan ste reveals large square houses with asociated ash pits and burials and 
‘well-developed pottery tradition: pottery developed before domestication in China 
because pot provided an effective means for boiling rice * 

‘The ise of agricuturein China mirrored that n Southwest Asian many ways, 
‘Both were mid-latitude regions in which shifts in rainfall had severe regional 
Impacts; in both regions domestication took place in relatively circumscribed 
corridors hemmed in by desert, mountains or se. These were areas where the 
‘Younger Dryas had severe but not debilitating impacts on incplent cultivator of 
wid grasses; these were areas in which the “packing” of populations on thelandscape 
contributed tothe gradual search for new foods and subsistence practices. And both 
domesticated particular species of seed-bearing C3 grasses, which grew poorly in the 
reduced CO, ofthe glacial atmosphere, and which bloomed in the elevated CO, of 
the Holocene. The grasses are particularly susceptible to domestication ifharverted 
witha sicklerather than by hand, Seeds ar attached tothe grass stem bya short 
“rachis inthe wild state the rachses in an idividual mature from the top down, 
turning brittle and allowing the sods to fal of in a sequence over several weeks, 
‘ensuring a diversity of germination times Ifthe seeds are stripped off by hand, 
theharvester collects allofthe seeds in amixture, but fhe ore trikes the stmt 
‘witha sickle, the more ritierachiss break and the seeds are ost: the harvester is 
left with the stems andthe seeds withthe tougher achises.Then the selection at 
‘harvesting would be complemented by a selection at sowing, when particularly lage 
seeds would be favored for planting. Thus seeds ae relatively easy to manipulate,and 
are genetically plastic” meaning that they adopt and hold new genetic structures 
‘elatvely easily because they are self propagating. rather than outcrossing with wild 
varieties 


Early Holocene Warming and Tropical Domestications 


Southwest and East Aslan crops would spread far and wide across Eurasia and 
northern Africa, and then invade the New World at the hand of cloning Europeans 
and Africans: by the high point of classical antiquity they fed between them perhaps 
175-80 percent ofa global population of somewhere between 170 million and 225 
‘million people. Beyond these mid-latitude hearths, however, domestications moved 
somewhat more slowly, either because of the space offered by non-cicumscribed 
‘cologisin an epoch of beneficent climate,or because ofthe dificulties of 
‘domesticating root crops like potatoes, yams, and manioc,or the primitive grass 
ancestral tomaize/corn, all of which had a strong tendency to outcross tothe wild 
sock * Eventually these woul join wheat, barley, millet, and riceamong the great 
Holocene Neolithic founder crops that feed us tothis day, 

‘These more diffuse domestication tended tobe in the tropics. Inthe New 

‘World tropics, the warming ofthe Holocene altered the nubslstence patterns of 
Paleolithic peoples; asthe forest cloed in, the work required to raise sufficient 
"urtenance apparent ed extremely quickly toa cultivation of proctive wild 
plants (see Figure 11). Concusbita squash may have been domesticated in Ecuador 
by relatively sedentary peoples engaged in broad-spectrum foraging a perhaps 
10,000 8C*” Squash would have been domesticated at many paces, perhaps roughly 


<hronologically unknown origin in the southern Amazon region, reaching Panama 
‘by perhaps 6000 BC, the earliest dated evidence forts naman use *Maiza/corn 
parently was domesticated in "center" the Balsas Valley in Menico, whereits 
tendency to outeross with wild species madeits domestication an extremely slow 
process: genetic evidence suggests a division with wild stock around 8500-8000 
‘Bc; maize starch has been dated toat least 6700 BC, maize palen at $100 BC, and 
actual cobs at 4250 BC, which suggests the rough sequence of domestication * 
Broadly speaking, throughout the Neotropics and into Mexico, it would appear that 
‘wild;plant experimentation long preceded the establishment of settlements larger 
‘than several families in a small hamlet: if large villages first appeared inthe Valaiva 
‘culture of coastal Ecuador after 4500 BC, they were nt evident in Mexico until after 
1800 BC, and in coastal Panama around 800BC7° 


‘This chronology would date the emergence of agriculture and vag life inthe 
American tropics roughly 3,000-4,000 years later than the parallel sequence in 

the Fertile Crescent or China Inthe High Andes, the transition to agriculture came 
around 2000 BC. Inarestvely well defined region north of Lake Titicaca, llama, 
alpacas, guinea pigs, the grain quinna, and most important -the potato were all 
‘domesticated ina coherent complex by 2000 BC! In North America, the beginnings 


Into the Mid-Holocene: Final Domestications 
and First Dispersal 


“The New World trajectory toward agriculture carries us far beyond the beneficent 
<limate ofthe Early Holocene Optimum, however. By 6000 BC, when slash-and-burn 
agriculture began to support the beginnings of agricultural vilages in Mesoamerica, 
this Holocene Optimum was beginning to wane. And when agriculture developed in 
or spread to other global regions in the ensuing millennia it wasn the context of 
"ow but relentless deterioration of lobal climate conditions. The flowing chapter 
“dscusses the etablishment ofthe “modern” climate system at some length, but this 
transition needs tobe briefly sketched here, because it was fundamental tothe basic 
‘tory of global domestiations. 


Fundamentally the Mid Holocene transition was dewen bythe inevitable peaking 
and dectine of solar radiation reaching the earths atmosphere, as shape by the 
Inexorable mathematics of orbital precession cycle. Taisinsolation” peaked between, 
{1500 BC and 7000.8 an then began along decline, as thetiting ofthe earths 
northern hemisphere away from the sun started the lng sift toward a 20,000- 
‘year precestional minimum (ee Figure 61.1). The proxy measures of modern 
‘limate science provide an increasingly pecse picture ofthe ensuing deterioration, 
Methane avery precise barometer of plbal climate, after hitting an eatly peak 
700-730 ppb between 9600 and 8900 BC, had hovered inthe 670s and 680 dawn 
to about 7000 BC whenit started a slow dectine that hit a minimum of $50 ppb 
around 3300 RC inthe closing centuries of what is known asthe Ealy-to-Mid- 
Holocene transition crisis in which global climates were radically reorganized intoa 
«cooley, drier system.” This deterioration would shape the mort recent 5,000 years of 
human istry, a societies shifted from village to state-based societies. 

Other forces would be at work a wel, ae the warm Early Holocene began to fade. 
‘The irstof these were two postglacial melt water events that slowed the north 
‘Alantic thermohaline pump drivin the Gulf Stream: one at roughly 8200 BC, and 
another at 6200 2C, when the Laurentian ice shield in Canada collapsed ending 
meltwater surge through Hudsons Bay into the North Atlantic. This event was 
‘embedded ina longer cooling between £700 BC and 6000 BC that reached into the 


‘monsoonal tropics.”* Exactly what shaped this longer cooling is uncles, but the 
‘next thes events on thie scale seam to have been shaped by the recurring 2,200-year 
“tfalltate” solar cele, during which solar output dalined significantly for several 
‘centuries. These sharp and centuries-ong colings what I all millennial Siberian 
Highs, brought particulary cold stormy winters tothe northern latitudes and aridity 
to mid-latitudes for periods of several centuries. Inching the event between 6700 
[AC and 6000 BC, four ofthese millennial Siberian Highs occurred between the Early 
Holoceneand the present (see Figure! 4). 

‘When the seventh-millennium BC cooling event was over, the global climate 
returned to it previous condition, indeed warmer and mare humid in many 
locations. The transition towant permanently colder and drier climates took 
hold after the second millenia Siberian High, rough 4000-3000 BC. Driven 
bythe waning of orbital warming, the Intertropcal Convergence Zone (TCZ}, 
_Eoverning rainfall throughout the tropics and into the temperate midttitudes, 
radually moved south after roughly $700 BC, bringing the Early Holocene mega- 
‘monsoon period toan end, reducing the South Asian Monsoon, and abruptly 
‘ending the Afican Monsoon that had kept the Sahara in grate and influenced the 
Mediterranean around 3700 BC (se Figures 1.2, 1.3), Atthe close of the fourth 
millennium, with ts cold north an increasingly arid Olé World mid-latitude, the 
‘modern E No pattern suddenly activated bringing periods of intense precipitation 
to the wet coast of the Americas and intensifying arity across the Pacific in South 
and Southeast Asa. From this point forward, post-Optimum “Late Holocene” 


‘burn corn and/or manioc-based agriculture was in part aresponse tothe slowly 
‘unfolding decline intothe Mid-Holocene Crisis.” Such was also the case across much 
ofthe Old World tropes. 


‘The earliest domertications and horticulture inthe last gret hearth, a huge “non- 
“center” region spanning the Sahara and the fringes ofthe savannah Sahel were 
also shaped by tis long decine in the Holocene climate (se Figure I.2) During the 
31000 te 4,000 years ofthe Holocene Optimum, with the ITCZ riding well north of 
‘he equator, the Sahara turned into a green but variable savannah. Hunter-gatherer 
soups spread out from various refuges, including parts of the Nile Valley, ving 2 
‘migratory life among the great lakes in the Sahara that drew their moisture from the 
‘Optimum Atlantic monsoon. Here, animal domestications-nat sedentary villages 
or wild plant cultivation sem to have come fet. Seharan hunter gatherers may 


‘havebegun to domesticate wild atte (bos primigenus) as early 25 9000-000 BC, 
spar of strategy to improve the predictability of food supply ina patchy and 
variable ecosystem where savannah frequently sifted with more arid conditions 7" 
‘Aharding economy intensifed asthe Holocene Optimum waned, andthe Sahara 
_madunlly reverted to desert after 4000 8, forcing people east and south toward 
‘more dependable wate. These migratory hunter gatherers herders exploited wild 
‘ceded grasses, pearl millet, sorghum, and Afican rice. Wild millet was harvested by 
{4500 BC and mullet and sorghum may have been domesticated in parts of Sudan by 
'5000 BC, but solid evidence for domestication comes from after 2000 BC, well after 
‘villages had to coalesce along the Sahel south ofthe desert Sahara”? 


‘The shifting climate at the Mid-Holocene drove cultural change in many other 
lobal regions, Ineastern North Ameria, t marks the boundary between the 
‘Middle and Late Archaic, essentially a shift from mobile hunting gathering ina 
warm, moist ecology to increasingly intense local exploitation and sedentism, in 
the direction ofthe Mesolithic Natuftan ofthe Levant, with incipient horticulture. 
{Im South America, inthe lowlands ofthe La latain Uruguay, the Mi-Holocene 
brought a decisive emergence of cultivation and villages. In South Asa, where the 
Southwest Asan crops reached Rajasthan around 4000 BC, the climate stressof the 
Mid-Holocene seem to have driven the futher dispersal of this complex as well at 
local domestiations of miles rice, and pulses beans and peas) and conlescence 

of village traditions. In Australia, the Mid-Holocene explosion of El Nifio at roughly 
3000 BC similacty increase aridity, making the interior more suscepibe to fire. The 
result was achange nthe hunting strategy among Australian peoples and a dramatic 
risen population." 


Saharan Africa and probably South Asa saw a process of agricultural emergence 
Inthe context ofa climate riven dispersal of peoples. Elsewhere, such dspersals 
carried agriculture with them. A major debate has unfolded over the past decade 
sto whether the spread of agricuiture from centers of domestication was bythe 
‘iffusions of species and practices "down the line” meslithic cultures or bythe 
‘demic diffusion” of actual peoples carrying with them agro-pastoral systers—and 
languages In colonizing expansions The reaty appear to have been something 
ofboth, and the current debates over which played the greater role. But clearly 
agriculture expanded, carried by small colonizing movements that left signatures 
‘buried inthe geography ofthe human genome and that probably built the basic 
linguistic structure of the modern word I present thecase for arestrained “farming/ 
language dipersaP”typothess because I think that best expins the evidence of 
‘modern human diversity. Ir also suggests thatthe Neolithic saw a series of powerful 
‘expansions of peoples, cultures, and agricultural practices, in many but not all 
‘cases overlaying and transforming the ealier people ofthe Paleolithic “out-of 
Africa dispersls of 65,000-40,000ybp. And as were these Palecithic expansions, 
‘he Neolithic dispersal were shaped by climate forces, most importantly the Mid- 
Holocene deterioration 


‘What do we know of these dispersalc"" We must stat with the Nea Eat 25 
the spread of agriculture from thiscore began th earliest and reached the farthest, 
{in what hasbeen called the “great exodus” of the Pre-Pttery Neolithic? The 
‘aries agricultural dispersals were carrie by small groups of colonizers moving 
‘considerable distances overland and se to settle very specific kinds of alluvial soll, 
“Then agricultural practices spread slowly tothe indigenous mesolithic foragers, 
sometimes after considerable resistance" As the zone of the earliest proto- 
agricultural PPN communities in the western Fertile Crescent began to expand, 
Cyprus was colonized some ime after 8500 BC. As prt ofthe same.xpansion, the 
Early PPNB spread into Anatolia between 8300-8000 BC, and its influences as far 
‘astas the Iranian Zagros Mountains by perhaps 8000 BC By 7000 BC, agricultural 
villages growing Southwest Asian crops had spread tothe edge ofthe Indian 
subcontinent n Beluchistan, and had been established on Crete (se Figure 3). 
{isponsble that the colonization of Cyprus and perhaps Anatolia coincided with a 
‘century or two fie rafting in the North Atlantic and drought in South Asia around 
1820086; s more likely that these initial expansions were shaped by the folowing 
bubble of good climate conditions prevailing inthe Early Holocene, which apparently 
Allowed the populations of the Middle PNB communities of the Fertile Crescent to 
reach rather amazing sles The best measure of regional climate maybe the redated 
Huleh pollen profi, which shows along rise of deciduous oak pollen from the ate 
stage ofthe Younger Dryas toa peak during the Mile PPNB, around 7550 BC*? 
(ee Figure 1.2). Tis oak peak was followed by along decline toa minimum around 
{6600 8 coinciding with the fst peak ofa double-headed ice-afting episode in 
the North Atlantic, and with the increased levels of sa salt and potassium dust 
Inthe Greenland ice cores, evidence ofan intensified Siberian High. During this 
period, the vtume of ak pollen remained low, but the region was baste by intense 
rainfall coming in explosive storms that caused massive erosion, which left distinct 
anaerobic sediments in the Mediterranean Sea bottom, known asthe sapropel 
Condition © Well after this pattrn set n,a final met water crisis took place when 
‘the vast laca lake Again Canada ruptured the Laurentian ie sheet, with huge 
volumes of fresh water shutting down the Gulf Stream and sending Europe and the 
Middle East into perhape two centuries of intense dry cold around 6200 BCT 


‘These declining climate conditions added insult to injury in the emerging 
agricultural regions of the PPM Fertile Crescent, compounding shhuman-induced 
degradation of local environments that had been buildin for hundreds af years. The 
huge Middle PN village communities destroyed enormous quantities of timber 
{for construction, for household fies, and for kin firing the massive volume oflime 
‘plaster that coated their houses. Their growing flocks of goats and sheep overgraned 
the fragile soils the circuits around the FPNB villages would have been brown and 
‘dusty where they once had been green. The result ofthe combination of resource 
strse and climate change was the general crisis ofthe Pre Pottery Neolithic, the fst 
collapse of civilization. One ofthe Anatolian settlements, Catalhiyk, wae totally 


‘abandoned fr several hundred year following the Laurentine melt water crisis; 
thetown of in Ghazal apparently led with refugees (during the PPNC) before 
«collapsing. Population inthe Fertile Crescent crathed and then recoalescedin much 
smaller village settlements, more focused on herding than before Thenew cultural 
and settlement pattern s known asthe Potery Neolithic inthe Levant and the proto- 
-Hausuna in northern Mesopotamia, what is now Syria and raq*™ 

‘This sequence of climate decline and ecological crisis was the general context of a 
second wave of dispersals out ofthe Fertile Crescent core Between 6500 BC and 6200 
BC, the Near Eastern package of agriculture spread to mainland Greece and southeast 
Europe, the Caucasus Mountains, and the Nie Valley;in each caseit would appear 
‘hat colonies of migrants played a significant role. By 6000 BC, agriculture had spretd 
to southern Italy in the west and Turkmenistan inthe northeast. The Italian Early 
Neolithic mown a the Canal culture from their pottery, would suddenly spread 
West na series of colorations along the Mediterranean to Portugal around 5400 
1c, And around $600 BC, longhouse-building agricultural peoples, known from 
‘her pottery the ineor-Band-Kerami (or LBK) began to move up the Danube: 
within 500 years ha spread to France 

‘Such was the reach ofthe Fertile Crescent agriculture that, by 5000 BC, ithad 
ready reached India and over the next 2,000 to 3,000 year t moved wet from 
Egyptalong the North Aftican coast, northwest tothe British Iles, north into 
the Rutian steppes, and a far as China, carried by smal but strategic groups of 
«ololats"° Genetic marker in modern populations track these paths of dxpersl in 
‘udden expansions that take the shape of rakes or starburts in diagrams, indicating 
the rapidity of their spread. Sometimes these trails canbe faint, because they have 
‘been obscured to diferent degrees by subsequent movernents, and because Neat 
Eastern colonists mixed with local populations. Genetcists have estimated that 20 
‘etcent ofthe genetic markers of Europeans can be traced to Near East migrations, 
‘withthe rest inherited frm the mesolithic peoples ofthe Paleolithic dispersal, 
‘many of whom fiercely rested the progress that agriculture would bring Geoetict 
"suggest that the LAK colonists coming up the Danube were predominantly men, 
‘who intermarred with local mesoithic women.?! Then there ie the question 
of language. While there i considerable debate over these arguments, seems 
Increasingly possible that these Neolithic farming dispersals imposed new languages 
on these widespread regions: one model that has considerable support argues fora 
‘potentially Natuflan or PEN root toa serie of families of languages spreading with 
erly agriculture out of the Fertile Crescent Afroasiatic, amo-Dravian and Indo- 
European’? 

‘Elsewhere at ater dates there would be equally dramatic expansions of peoples 
‘and agricultures Around 3500 BC, a seaborne migration began on thecoast of 
(China opposite Taiwan that would carry arce growing and fishing culture with its 
Austronesian languages into Southeast Asia and the South Pacific, reaching both 


Hawailand Madagascar by AD 500, These Polynesians voyagers may have used the 
‘east-moving winds of the strong E No periods to drivetheir migrations? n 
China, Han-speaking rice growers moved south during the eary partofthe Zhou 
‘dynasty, 1100-221 BC, absorbing or sweeping aside wide number of locel peoples 
and languages In the Americas, ler farming dispersals occurred in Cental 
‘America and southern Mexico soon after the maturation of slash-and-burn corn 
sgriculture around 2500 BC, and indigenous seed horticulture and then com farming 
seem tohave driven a series of ingustic expansions in eastern North America?* In 
Africa the No-Saharan languages sem to have spread after 9000 BC with the early 
herding peoples ofthe Subars, while the huge Bantu language family had its roots in 
‘yam: growing people who began to spread out of tropical Cameroon around 2000 
BC, Protected by evolving immunities to the malaria that developed as they cleared 
rainforest for yam cultivation, the Bantu peoples eventually incorporated cattle into 
‘thelr economy and swept down through eastern Africa ® And arecent analysis 
suggests that agriculture was introduced into the British Ines by “large iniux” of, 
‘Neolithic setter early inthe fourth millennium, the opening centuries ofthe mi 
Holocene transition?” 


‘Thus, by 5000 HC, the world was broadly divided among three great subsistence 
strategies. Some peoples, typically n ecologically increasingly extreme and marginal 
laces, carried on the mesolthic foraging strategies, some down tothe edge of 

the contemporary world. Others, particulary inthe troples, bended merolithlc 
foraging with small-scale horticulture evolving widely and slowly across great 
regions, blending cultivation of domesticates with management ofthe wild But 
‘howe peoples distributed acrous the semiarid to temperate mid latitude became 
‘dependent on the crea-animal complex in ts several varieties, emerging quickly 
from discrete centers of domestication From there centers spread great dispertals of 
agricultural practices, carried by small but strategic venturing colonists. 

‘The great Neolithic farming dspersals shared an essential commonality: ll 

of them were expansions of peoples carrying ether seed crops or domesticated 
animals In sharp contrast, the difusion ofthe outcrossing tropical oot crops, 
“erratically moving toward domestication in many locations, spread “down the 
line rom hamlet tohamlt, leaving transitional foraging-horticultural societies 
In place and intact But agriculture based on a various combinations of cereals and 
snimats had an inherently expansionary dynamic As an efficient “energy tap the 
(Old World agrarian synthesis produced more useable calories independently ofthe 
wild ecosystem, and thus fed a more rapid population growth. These cereal-animal 
farming populations thus were poised to migrate, nd had the means of migration in 
‘their agriculture Both dy, storable seeds and self propelling beast of burden would 
Allow the movement of peoples and their practices to new regions, where the growth 
and expand cyele could begin again By the year AD 1, the peoples of the Old World 
regions of ceral-animal agriculture may have comprised 80 percent ofthe word's 


‘tal population, claiming atthe very most 23 percent of the worlds totalland 
‘surface (soe FigureIIL2). 

‘Round up in thie expansion was 3 fundamental ecological problem. These growing 
‘populations and their cereals and animals would through time not just ll up but also 
‘degrade their lea ecologies, depleting soils and usin up timber societies would 
respond by further intensifying thelr land use In decades past, this equence of 
{intensification and degradation has been seen asthe primary environmental motor 
Inthe post-Neoithic condition, but recently thas become clear thatthe Joker" of 
‘imate change played a powerful role?” Tis was not the force of grand super-<ycles 
snd super-plumes and meteorite strikes that drove biclogicl evolution over the long 
term, or even the long glacial swings ofthe “100K world that putthefnal touches, 
‘onhuman speciation. Relatively slight nd shallow movernents in the Holocene 
«imate, regula episodes of Arctic cooling shaped by periodic fluctuations in solar 
‘ndition the oscillation of El Nio and La Nia, the occasional serious volcanic 
ruption, could bring crisis morality to newly enlarged populations, peoples who 
{normal times could manage the yeat‘to-yer flow of sustenance reasonably 
effectively. Such wil be the primary problem considered in the following chapters 
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4 The Mid-Holocene, the Late Neolithic, 
and the Urban-State Revolution 


During the millennia following the Younger Dryas, human populations around the 
worl crossed a fundamental Boundary reshaping their acess tothe earths primary 
productivity through domestication and the opening ofthe agricultural revolution. 
‘this occured ina geological instang, i was also, as we have seen, an uneven process 
when viewed in historical time. The earliest centers of agriculture were focused 

In environmentally bounded mid-latitude regions where genetically malleable 
plants and animals were available for domestication Elsewhere, particularly across 
the tropics, much more diffuse and extended domestications unfolded as human 
populations responded to climatic change and subte tensions between thelr 
‘numbers an the wild resources around them. Across wide stretches of the semiarid 
and temperate Old World, the Neolithic agricultural package that develope inthe 
Levant and Anatolia spread east and west. 

‘Thetransition to more complex social forms and tothe riseof the city andthe 
‘eaciest states was embeded in this uneven story ofthe Neolithic, and it isthe 
central problem for this chapter. We may define this complerty ax the hierarchical 
and interdependent practices and institutions of i society and the sate at, 
derivative forms, persist nto the contemporary world Most important, these nvolve 
the economic and political arrangements that allow large populations tolive together 
ln tolative harmony incites an thelr associated hinterlands, bounded and governed 
‘by legal ystems enforced by «polity wielding suficent force to keep the peace and 
protect the people from external harm. But we shall se that they aio involve an 
‘arlier emergance of village-based hierarchies of households defining themselves one 
against another in material productivity andthe accumulation and transmission of, 
property 

Just a early domestication, the ise of village and of city-state complexity had 
history shaped and constrained by climate change. Ecological conditions certainly 
‘donot totaly explain these departures: we need to remember that they were exactly 
that -the framing conditions in which human socetes mobilized to change helt 
‘circumstances. The first pat ofthis chapter sketches the general outlines of eobal 
‘imate change between 7500 BC and 3000 Band server as abaselinefor further 
‘iscussions of moder global climate between the onst ofthe ate Holocene around, 
3000 BC and the onset of modern human-induced climate change around AD 1870, 
‘The major partof this chapter examines the ways powerful forces of climate change 
shaped theemergentcomplestiscf village and ity. The eatiest development and 


spread of agriculture occurred during the very warm Holocene Optimum, during 
hich global temperatures were, fnot nacesarly stable, much warmer than inthe 
‘recent past. The progressive collapse ofthis climate regime, culminating at roughly 
3000 8, helped to push humanity across the threshold into complex state societies. 
Here theres necessarily some overlap with the story told inthe previous chapter, 
‘because agricultural emergence and trajectories toward socal hierarchy and the sate 
‘occurred simultaneously in various parts ofthe world. 


‘The Emergence of Modern Global Climates: 
‘The Mid-Holocene Transition 


Before we can consider the ris of complexity n human societies, we must review the 
‘environmental contest. It bears repeating thatthe climate ofthe Holocene world wat 
‘no static; hada dramatic history oft own. But roughly 5,000 years ago settled 
Into what «known athe Late Holocene global pattern that governed the wider 
‘ireumstances of human life until the fist serious impacts cf anthropogenic change 
‘uring the past several centuries. The folowing section thus comprises something 
‘of abaseline fr the postglacial world, describing in broad brush the structure ofthat 
Late Holocene rystem and ts evolution, both out ofthe glacial Pleistocene but also 
‘out of the exaggerated warmth ofthe postglacial Early Holocene, and suggesting 
ome of the critical features cf episodic and abrupt change that it har undergone over 
thotemllennia 

‘Global climate can very broadly be described in terms of horizontal calls and 
vertical oscillations (se Figure IL5). Most fundamentally, a series of atmospheric 
cireulation systems, or cls, operate horizontally around the earth, shaped by the 
_radient between a warm equator atthe earths median bulge and col poesat the 
northern and southern extremes, and separated by jet streams and the Intetropicl 
‘Convergence Zone FTCZ}. Given the geometry and dynamics ofa spinning earth as 
wel ax solar influences, each has different dominant surface wind pattern, each 
‘moving east west but also circulating up tathe top ofthe troposphere at low- 
pressure zones, laterally as upper-level winds, and down tothe surface at high- 
‘ressure ones. A the ples, the polar cells encompass the reach of extreme seasonal 
old, expanding toward the equator with each winter. Their easterly surface winds 
‘(running east to west) are generally contained bythe east flowing westerly polar ft 
stream separating the polar cols fom the Ferrell el, which operates roughly 
‘between 60° and 30’ north and south latitudes, and which s bounded onthe south 
‘by the subtropical jt stream. The winds in the Ferrall ells areas lowing 
‘westerios,particulaiy strong in the winter as the polar jets shift toward the equator 
Around the equatorial tropics, between the Ferrell cells, the earth isencirciedby the 
Haley cells, a double doughmt of iversly rotating circulation that meetsat the 
Intertropical Convergence Zone. The Hadley cells are dominated bythe trade winds, 


‘running northeast to southwest and southeast to northwest on ether side ofthe 
system and meeting st the ITC where converging wind flow and solar esting 
‘Pusher massive volumes of warm air and molsture aloft, driving essentially daily 
recitation inthe equatorial tropics Just as the polar cells expand with every 
‘winter, the ITCZ and the Hadley cells annually are pulled northof the equator by the 
summer warming ofthe northern continents, and then south ofthe equator by 
summer warming inthe southern hemisphere Easterly trade winds fundamentally. 
‘govern the summer monsoons in the equatorial tropics, frm the western Pacificto 
‘Asia, Afric, and South and Central America, which together comprises lange volume 
‘ofthe Hadley cell circulation, and have been called the global monsoon The 
boundaries betwen these circulation systems are defined not only by jt streams and 
‘he ITCZ, butby patterns of atmospheric pressure and precipitation Rising air causes 
low surface pressure and in pushing moisture aloft sets off precipitation; falling alr 
‘causes high pressure but drier conditions. The polar font and the ITCZ are somewhat 
smilarin having rising air maxes, low pressure, and considerable precipitation; the 
subtropical front oF the hors latitudes, has fling air masses, high pressure, andlss 
precipitation. 

But here the wildcard of vertial oxllations comes into play. the earth had 
no continents, t ight have continuous belts of high and low pressure running 
round the earth at 60°, 30°, and the equator. But land masses colder in winter 
and hotter in summer than the surrounding oceans area potent climate force 
‘oftheir own. Especially inthe northern hemisphere, beating during the summer 
‘months confuses the horizontal els The result is thatthe patterns of high an low 
presrure along these boundaries are clumped into locations of pressure extremes, 
semipermanest highs and lows that wax and wane -and even move with the 
seasons Inthe southern hemisphere, the picture s reasonably simple; regular 
series of highs located along the subtropical horse latitudes in the south Atlant, the 
Indian Qeean, summertime Australia and the southeast Pacificare roughly matched 
In “dipole" with lows along the coast of Antartica. In the northern hemisphere, the 
Pictures more confusing strong wintartime Aleutian Low oscillates with strong 
summertime Hawaiian High: the winter Ielandic Low weakens and moves westin 
the summer, while the paired Azores High strengthens and move north. Across Asia, 
the pattern s reversed: strong Siberian High pressure cell- interacting withthe 
‘winter Aleutian Low and comprising the continental sibling ofthe high-pressure 
‘ollover the north pole forms inthe winter as the north Asian landmass becomes 
extremely cold. During cold winters, the Siberian High sends blasts of cold winds 
Into the mid latitudes During the summer, it weakens as southern Asia warms, 
strengthening ts seasonal dipole- the TBetan Low. 

‘Twoo these oscillating systems are particulary important tothe chapters 
‘llowing, becuse they impacted peopies across Eurasia and the world at large. 
Actually, they need tobe seen as operating as anorthers triad as wo systems 
‘bung off frm the low pressureon the edge ofthe polar front, which intensifies 


‘in winter (and develops wave structures of ridges and troughs) in relation tothe 
‘band of northern subtropical highs in what is known asthe Arctic Orcillation (AD). 
“This Arctic Oscillation operates in tandem with the Morth Atlantic Oscillation (NAD), 
‘defined by the shifting relationship between the Ielandic Low and the Azores High. 
“The positive and negative modes of the NAO determine the path and power ofthe 
‘winter westerly winds in the Ferrell cll, directing the flow of winter precipitation 
‘from the Atlantic into Eurasia Inthe multiannual positive NAO mode, with 
stronger winter Azores High and weaker Ielandic Low, the winter werteries and 
‘sssocated stormsare pushed north, bringing mild but wet winters to northern 
Europe and dry conditions othe Mediterranean and Anatolia. Inthe multiannual 
negative NAO mode, with stronger winter Ielandic Low and weaker Azores High, 
the westerles and their storms track south through the Mediterranean - somewhat 
‘complicate by swiling cyclones inthe eastern Mediterranean and other patterns 
resulting in dry, cold winter in northern Europe, but bringing precipitation to 
‘svath of territory running from the Mediterranean into Central Asia The Aslan 
‘dipole brondly inked with the Arctic polar cells equally important. Centered near 
{Lake Ratha, the winter Siberian High sends cold ry winter winds south across 
sla with powerful efects on the intensity ofboth Eurasian and global winters, 
Conversely the strength ofthe summer Tibetan Low, shaped by the summer 
Warming ofthe Tibetan plateau, sone of two forces fundamental tothe rtength of 
the Aslan summer monacont, in which precipitation drawn off cooler ocean waters 
bya warmer continent waters vaststratches of South and Southeast Asia 


‘Two other critical enduring systems involve ocean currents and atmospheric 
‘ireulation, to varying degrees, and each ha a schoct of advocates for thelr primary 
role in regulating plobal climate, the North Atlantic and Tropical chools.One 

of thee systems ha been introduced in some detail in preceding chapters the 
thermohaline pump operating ofthe coast of Grenland, in which evaporation 
from the north-running Gulf Stream increases the saline density of the water tothe 
point that it phunges tothe oceanic abys, forming a south-running cold current that 
‘may drive much of the global oceanic current system, Pulses of fresh water spiling, 
‘off meting continental glaciers can slow and even stop this system, by diluting the 
dence saline waters that drive the thermohaline pump.” 

‘The second system, the El Nito/ Southern Oscillation ENSO), running horizntally 
cross the tropical Pacific, has only been mentioned bie, and needs further 
explanation I the thermotaline pump off Greenland comprises one particularly 
‘powerful force inthe global cimate system, the West Pacific Warm Pool comprises 
the second. Lying slong the equator northeast of Indonesia the West Paciic Warm. 
Pools the warmest body of ocean waters in the world, nd may comprise the “pump” 
forthe ENSO system, Asithas functioned in "modern times” the ENSO essentially 
Involves an oscillation of warm and cooler waters between the West Pacific Warm 
Pool and th eastern Pacific of South America interacting with cirulation inthe 
tropical Hadiey cells ENSO variation between La Mii and EINifo eriremes~anda 


‘normal “La Nads"~is determined by the strength ofthe Hadley calls, particularly the 
hgh level Walker circulation that drives the eastto-wert pattern ofthe trade winds 
Inthe Hadley cells Innormal” years, the Walker circulation i strong andthe surface 
trade winds running out of th eat from the Caribbean andthe Atlantic push warm 
Pacific watersto the wes, allowing an upwelling of cold subsurface waters This isthe 
“normal ENSO" condition, with high pressure inthe late summer and autumnon the 
‘western American coasts shaping warm, dry conditions, while the rising moisturein 
| ow pressure system a the West Pacific Warm Pool Low fuels the monsoons that 
‘water Australia, South and Southeast Asi, and southern China with influences 
‘reaching as far as Ambia and parts of easter Africa. The ENSO operates in an annual 
‘and multiannual cyclical variation around this "La Nada norm” between “La Nifia™ 
and "EL Nino The La Nifa condition, which brings severe drought tothe Pacific 
lowlands ofSouth America and tothe southern half of North America is an 
Intensification of these “normal” conditions. The converse condition is ELNifo, which 
ls shaped by the weakening ofthe Hadley cell and the Walker circulation. In these 
years, the easterly trade winds fal, anomalous westeries(running from west east) 
‘develop, pushing a "warm tongue” ofthe West Pacific Warm Pool waters into the 
‘antral and eastern Pacific On South American couts, this EI Nifo pattern brings 
sometimes catastrophic Pacific storms tothe lowlands; with the easterly trade winds 
blocked, the high Andes and much of Amazonia suffers fom drought It would appear 
that ENSO osclation is riven by variations in solar heating, strengthening and 
weakening the trans Pacific Walker circulation. 


‘There isan important ENSO connection with the Aslan monsoons, which also 
feed off the warm waters of the West Pacific Warm Pool Typically, nthe past 
several thousand years, the two systems have operated inversely (Compare Figures 
Sand b) When the western Pacific s relatively warm, ENSO sina quiet La 
"Nita mode and the Asian monsoons are relatively strong asthe summer warming 
‘ofthe Aslan interior (with the Tibetan Low) draws the monsoon off coder ocean. 
-waters Conversely, wh the eastern Pacis warm, ENSO isin the stormy EL Ni8O 
‘mode andthe Asian monsoon systems are typically weak: A general relationship 
lao exists between ENSO and the North Atlantic: cold conditions inthe North 
Aulante (negative NAO) ar associated with stronger E Nite; warmer conditions 
Inthe North Atlantic (postive NAO) ar associated with La Nia or La Nada. The 
result isan enduring three-point patter: warm north, La Nifia conditions, strong 
‘Asian monsoons, nd its obverse, cold narth, E Nf conditions, and weak Asian 


Obviously all of these systems were not static, but evlving and shifting through 
time, most powerfully forced by orbital cycles that govern the solar input to theearth 
system. During the glacial period of the Pleistocene, the global cell system would 
have been compressed by expanding front of the Polar and Siberian Highs, which 
‘during the northern winter might have reached 2s fr south as southern Portugal. As 
the pola cells were strengthened in glacial periods the Ferelland Hadley cells were 


compressed nd wesknad andthe north-south movements ofthe CZ minimized 
(Compare FgwestL5,b,andc) 


‘The weakened Hadley ell seem to have also meant a weakened Walker circulation 
and a stronger El Nifo during glacial periods. In fac, t appears that ENSO has 
‘evolved dramatically ver the past 25 million year. Duringthe warm prepacial 
Pliocene, withthe North Pole still ice free, the Hadley cell system was presumably 
‘very broad but also weakand unstructured. Apparently the modern Walker 
‘culation had not develope: permanent E1Nifio condition existed in the eastern 
Pacific As increasingly glacial conditions inthe polar north began around 25 milion 
_years ago, evidence for an oscillation of El Nifo and La Nie condition begins to 
‘appear, sugpesting thatthe Hadley cell strengthened and the Walle circulation 
started. [ronically, however, ENSO apparently responded to global glacial conltions 
Ina Goldilocks fashion: some cooling was a good thing: too much was too much, The 
full ENSO variability between E Niio and La Nia operate during the Pleistocene, 
with a stronger La Nita associated with interplcials anda stronger thermohaline 
‘Pump inthe North Atlantic. But where during the warm Pliocene the tropical 
Haley cells ad been too big and weak to generate La Nita conditions, now, during 
Pleistocene glacial periods they were too small and weak, so glacial periods saw 
Permanent EL Nos" 

‘These conditions obviously reversed when the prevent interglacial began around 
12000 years ago, withthe wild oselation ofthe warm Baling Allerg the cold 
‘Younger Dryas, andthe warming ofthe Early Holocene. Here the arc of single 
orbital glacial cycle (governing the volume of solar input), interrupted by a massive 
‘melt water event at the Younger Dryas, has driven the shape of global climates over 
the past 12,000 years (oe Figure IL). During the Early Holocene, between roughly 
9500 ar 7000 2c, the earth tit gave maximum posible exporure af the poles 
tothe sun exactly atthe same time thatthe orbital precession brought earth in 
summer tothe closest posible distance rom the sun. This was the peak ofthe earth's 
Postglacial solar exposure, with the eight ofthe interglacial warmth occuring over 
thenext few millennia. The earths exaggerated tit brought an extreme seasonal 
‘varlablty tothe northern latitudes, making Early Holocene summersin the 
northern hemisphere particularly warm and winters cold and stormy. After 7000 BC, 
this solar exposure progressively declined, tothe point that tay the regions along, 
the 60° north latitude line receive about 7 percent less solar radiation during the 
‘summer than they would have 10,000 years ago. Thefar northern winters warmed 
‘withthe gradual orbital changes, while the northern sunimers cooled somewhat, 
‘meaning a decline n seasonal extremes Along the equator, along-term cooling ofthe 
West Paifc Warm Pool started around 8000 BC, which would havea powerfal effect 
‘onthe general tropical mansoon system? 

‘Therise and decine ofthis pattern of Early Holocene warmth changed the shape 
snd structureof gobal atmospheric circulation. During the Early Holocene, the 


warm northern summers strengthened both the Ferrell and Hadley cells, ifting 
‘the ITCZ well ortho the equator. The north-riding Early Holocene ITCZ brought 
‘the summer mega-monsoons that watered North Africa, Arabia, theeastern 
[Mediterranean the Indian subcontinent, and southern China 1° So much fresh water 
was introduced into the eastern Mediterranean from direct monsoon rainfall and 
Indivectly from East Africa via the Nile River low that an anoxic condition called a 
‘saprope formed, manifested in black layer of organic deposits! Conversely, the 
‘north-ridingITCZ weakened the southern Hadley cell, and thus the South American 
‘monsoon coming off the south Atlantic, which waters virtually all of South America 
tothe Andean summits: South America was thus fundamentally dry during the 
Eanly Holocene. At the same time, the ENSO system ~the preponderance of evidence 
suggests ~ was suppressed into along “normal” with nly minimal LaNida/ El 
'Nifio variation, matching the strong monsoons in the northern hemisphere, Here 
the warm Early Holocene West Pacific Warm Pool payed ake rlein driving the 
summer Asian monsoons and limiting the ENSO system. The rerut strengthened. 
‘he monsoons in Asia, while further contributing todry conditions in Ealy Holocene 
South America. !*The new dynamics ofthe Early Holocene setup another diagnostic 
patter n the North Atlantic Oxilation/Arctic Oscillation (NAOVAO), Exactly how 
the NAO/AO operated in glacial conditions snot clea, but presumably it layin some 
sort of super-negative mode, with intense polar winters pushing winter wester 
far south.” Then withthe warm-up ofthe Early Holocene, the NAQIAO shifted 
suddenly toward a strongly positive mode, bringing winter precipitation to northern, 
Europe. This entite global system ofa warm north, postive NAO/AO, minimal ENSO 
_vaiation, north-tidingFTCZ, and strong Asian and African monsoons persisted until 
thedid-Holocene!* (see Figure LS), 

‘At the Mid- Holocene transition, roughly $000 BC to 3000 BC, this entire system 
bogan to shiftin important perhaps subtle ways As the earth changed its 
recessional seasonality and wobble, summer insolation dectined in the northern 
hemisphere and rosein the southern hemisphere. and wit tthe entire array of, 
‘imate systems shifted south, ending the Early Holocene epoch of mega-monsoons 
(ee Figures I-13), The West Pacific Warm Pool began to cool and the ITCZand 
assoclated Asian monsoons gradually withdrew from their northernmost reach in 
the summers, bringing slow reduction of summer precipitation to much of Asia. 
Across equatorial Afica, the Atlantic monsoon weakened, drying out the Sahara 
and reducing the low tothe Nile At the same time the NAQVAO patterns shifted 
‘rom predominantly positive to predominantly negative. The result was that, 
progressively through the Mid Holocene, winter westelis began to carry malsture 
through the Mediterranean and into central Aca, somewhat counterbalancing 
the lose of summer monsoon rein. AstheITCZ moved south permanently, 
strengthened the South American monsoon ofthe south Atlantic, bringing rising 
‘precipitation and humidity tall of South America upto the eastern sie ofthe 
Andean summits. Simultaneously, influenced by th cooling Weet Pacific Warm 


Pool -ENSO variation began to strengthen around 3000 BC, establishing the modern, 
‘rans-Pacific oscillation between the Hl Nii pattern of South American coastal rains 
and Asian drought andthe La Nia pattern of South American coastal drought and 
‘Asian monsoon rain. But where there had been megx-monsoons during the Early 
Holocene, there would be megadroughts during the Late Holocene, periods of 
‘century of more with reduced rainfall in wide rain-dependent regions 1* 

‘Such hasbeen the general shape of global climate history through the Holocene, 
‘shaped by the cycles of orbital forces and the resulting influence ofthe sun on the 
‘earths surface. But there are two other critical forces at work that had shorter, more 
‘episodic infuences on global climate Just ax orbital forcings are notas strong as 
super cylial tectonic forcings, oleanic action and solar variation have weaker and 
shorter lived influences than does orbital variation. But from the point of view of 
‘human society extracting biomass on the surface ofthe earth, these more subtle 
solar and voleanic variations have been extremely significant, making the difference 
between sufficiency, dearth, and even starvation. Volcanic eruptions, occuring ina 
relatively unpatterned way a various velocities, can havea variety of local, regional, 
and global effects Besides the direct destruction of lava and pyroclastic flow, the 
‘cooling effets of sulphur elected in theve eruptions generaly overwhelm the 
Warming effects of volcanic CO, Sulphur traces in thee core record suggest that an 
‘enormous number of volcanic eruptions occurred during the Ealy Holocene down 
to roughly 4500-3500 BC, eruptions that may have been set off as the continental 
surfaces abounded with the melting of the massive Pleistocene ice sheets. Enormous 
‘eruptions at later ates may well have played important roles in triggering shiftsin 
‘lobo climate!” 

‘The sun ica more pervasive and variable climate factor, however, While the earths 
orbital relationship tothe sun moved through broad arc of several thousand years, 
the output ofthe sun itself Aickers on periodicities that can be measured in decades, 
‘centuries, and millennia. The most familiar of thete solar variations isthe eleven- 
_yearsun-spot cycle, which regularly sends waves of solar particles that damage and. 
‘destroy orbiting sateltes Les well known, but more important for our purposes 
here, are the great maxima and minima in solar output, here the most famous isthe 
Maunder Minimum ofthe ate seventeenth century, during which the River Thames 
froge solid at London, and the Dutch ae supposed tohave invented skating. These 
rand minima have been extimated to come in waves roughly 2,200 years apart, 
‘enown as Hallstatt cycles. # Between the seven-year cycles and the great solar 
‘maxima and minima of the 2,300-year Hallstatt cycle isa seres of solar cyceson. 
Intermediate scales (sae Figures 4 11.3) Ashas been suggested in earlier chapters, 
itmay wellbe that rather than solar output pr se, the bey global influence les in 
‘he interaction of solar output with ensmic ray fx coming from galactic source, 
‘which during solar minima may increase plobal oudiness and thus drive waves of 
cooling !* 


‘Periods of higher and lower solar output have been a fundamental forcein global 
‘dimatehistory in a number of ways, but hereit is sufficient to pick out two patterns 
that seem particularly important In the arly 1990s, a team ofsientissled by the 
‘ate Gerard Bond revesled a recurring pattern of sedimentary deposits in the North 
Aluntic that indicate that foils of ice rafts have oated ou from Greenland, 
‘ighttimes since the Younger Dryas Mirroring the 1500-year glacial Dansgaard- 
Ceschger cycles, these iceberg lotllas- known as Bond everts—then brought cooling 
‘conditions to Europe, and may have had global influences through the thermohaline 
‘iculation system. These ie raft events coming roughly every 1,500 yeas, have 
‘been convincingly attributed to solar variation = A broad connection also exists 
‘between solar variation, the North Atlantic Oscillation, and the summer reach ofthe 
Intertropical Convergence Zone. Strong solar insolation moves the ITCZ farther north 
inthe summer and strengthens high pressure atthe Azores, thus shaping.a postive 
[NAO and pushing winter precipitation north out ofthe Mediterranean and into 
Northern Europe? (se Figures 4, 1LS3-c). 

Solar variation ona very lanpe scale also seems tobe behind another more powerful 
series of cooling events that have influenced the entice northern hemiephere, at 
leas since the Mid-Holocene transition Potassium found inthe Greenland ce cores, 
‘derived from dust from Asian deserts seems to measure the intensity ofthe Siberian 
igh. Since the beginning ofthe Holocene, there have been four obvious peaks inthe 
‘Siberian High: at roughty 6900-000 BC, 4000-3000 BC, 1200-600 BC, and AD 1300- 
1700; each coincides with a Bond ce-rafting event and brackets an intervening one 
“These events which we shall all millennial Siberian High, had simultaneous and 
‘iret impacts across the entice narthern hemisphere, and indirect effets on the 
southern hemisphers, 1¢ monsoon and even ENSO dynamics wer affected by a cold 
north see Figures, 15 11.3). 

‘Thelast thre of theve events line up reasonably well with the 2,300-year Hallstatt 
solae cycle, and it isa reasonable hypothesis that after 4000 BC and the onset of 
the Mid-Holocene transition the Hallstatt events are rexponsble forthe millennia 
Siberian Highs. The cold event a 6900-6000 BC and the Halistatt at roughly 
‘5800-5000 BC are obviously not in synch. The col event wat in prt shaped by 
postglacial melt water event at 6200 BC slowing the thermohaline pumpin the 
"North Atlantic, but this does not explain the longterm cooing beginning at 6900, 
Conversely the effet ofthe early Hallstatt at 5800-5000 BC may have been masked 
by the continuing infuence of the orbitally shaped Early Holocene warmth inthe 
northern hemisphere But after the onset of the Mid Holocene, the Hallstatt cle 
and the millennial Siberian High clearly wor together to shape the essential pulse 
of global climate history. That history looks ike a slowly descending ar of orbitaly 
riven cooling notched by cld, stormy millennial highs and intervening ice rafting 
‘events, and their global climatic everbertions in the mid latitudes and the tropics 
“This history had enormous consequences aver these millennia for populations 
perhaps three-quarters of humanity ~ concentrated in the Old World along the 


‘ld ltitudes from the Mediterranean to East Asia, and along the west coast ofthe 
Americas fom Mexico to Chile ** 


‘With all ofthese global limate patterns briefly sketched, we can explore someaf 
the detail ofthe Md Holocene transition The frst hints of thislong transition came 
‘during the 6900-6100 BC cooling event that culminated in the dramatic melt water 
‘event of 6200 BC, when the North American Laurentine ce sheet finally collapsed. 
‘This cooling has been detected in paleo-records from Peru tothe North Atlanticto 
the China coast? Inthe Levant and in adjacent pats ofthe Mediterranean, which 
‘had been watered by cyclonic circulation shaped since the Younger Dryas by north- 
rising African and Indian Ocean spring and summer monsoonal rains, a sharp and 
Permanent decline of cak pollen deposited in ake sediments suggests that the Indian 
‘Ocean summer monsoon retreated from the Levant around 7000 BC (se Figure 
11.2), Similarly, the monsoon retreated in South Asaitself, though it would return, 
and the subcontinent would remain relatively humid and well watered fr several 
thousand years In Central Asia, ata particularly sensitiv intersection of Pacific and 
‘Alluntie influences the Tndian Ocean Monsoon had its optimum influence for about 
3000 years, but began its permanent withdrawal around 5700 BC2* 

Strikingly, asthe Indian summer monsoon began to withdraw tothe south, the 
Ablantie winter westeries shifted toward a more southerly pattern, from atrack 
predominantly across northern Europe to one that increasingly lowed across the 
‘Mediteranean and Central Asa. This was the effec ofthe shift ofthe NAQVAO from 
‘Amore poitve to a more negative state, as solar irradiance declined and global 
‘timate systems shifted south. The arrival ofthe Atlantic westelies seems to explain 
the expansion of oaks around Lake Van tn eastern Anatolia beginning at roughly 
{6100.8 and then perhaps 000 years later at Lake Zeribar in the ranianZagros 
Mountain.?° The reach of the winter westeries peaked in central Asa between 6400 
' and 5400 BC, surpassed the decining Indian Ocean monsoon and after 4000 BC 
the East Asian monsoon to become the most significant soure of precipitation in 
Central Asa down tothe present” (ee igure it). 

‘The second phate of the Holocene transition began around 4500 BC roughly 
‘withthe fst waning ofthe post Pleistocene volcanic eruptions Increasing aridity 
‘registered at Mount Kimanjro between 4600 BC and 4000 BC, a marker ofthe 
‘retreat of the Intertropical Convergmnce Zone that also can be seen in recor from. 
equatorial Africa, Oman, and south China™ (see Figures 113,14). By the middle of 
the fourth millennium (4000-3000 BC), the Asian monsoon was retreating fom. 
‘Central Asia, andthe Indian Ocean monsoon was weakened othe point that India 
itself was moving from humid to arid, as was the Sahara, with the African monsoon 
insotreat2? The deciineof tropical moisture also registered in the plobal decline of 
atmospheric methane, which drmpped from maximum of 700 ppb just after the 
‘Younger Dryas (9700-8800 EC) to a Holocene minimum of 550 ppb around 3300 BC. 


Asthese structural shifts unfolded, the fourth millennium brought 2 wild and 
‘Rnal reversal tothe North Atlantic. A cluster of deep solar minima in along fourth 
‘millennium between roughly 4300 and 2900 BC would not be replicated for more 
‘than?,000 year Inthe North Atlantic itself there is evidence of an onslaught of 
Icebergs and ofan accelerated cycling of deep ocean waters, and the cold conditions 
registered atleast as far south asthe Aegean Sea Sediments in the North Atlantic 
starting around 4300 BC indicate that vast fletsof icebergs moved off Greenland, 
tnd at 3500 BC and then again at 3000 BC there were deep minimums in the 
‘turnover of warm surface waters that suggest the worst fare ofthe thermohaline 
‘ieulaton system since the Younger Dryas.°° At 3900 BC, the millennial Siberian 
High took hold; readings of salt, dust, and potassium deposited inthe Greenland ice 
suggest an epoch of intense winter storms (see Figures I 13) 

‘These events culminated ina final crisis tothe stormy fourth millennium, 
running from 3200 BC to 2900 BC. At Mount Kilimanjaro in Kenya and Soreq Cave 
at Jerusalem, oxygen isotope proxies indicat a arp cooling at roughly 3200 BC; 
‘conditions at Kilimanjaro became increasingly dusty, while small pikes of dolomite 
tnd calcium in sediment cores fom the Gulf of Oman indicate similar dry dusty 
‘conditions in Southwest Asia. tn central Turkey, Lake Tecer- after hundreds of years 
‘ofhumid conditions ~ completely dried up into a desiccated basin, a condition that 
lasted fortwo centuries. At exactly the same time (3105 BC, extremely narrow 
tree rings in Irish oaks indicate an extreme old event in northwest Burope tn the 
“Tyrolean Alps, glacial advance rapidly covered a Neolithic shepherd, now known a8 
the“ceman’ who died in the mountains at ~3200 BCin Peru the Quelccayapacler 
Hmllarty advanced over plants dating to -31008C. Inthe Nie Valley, the Levant, 
and in the greater Mesopotamia drainage, evidence exists of severe reductions in 
precipitation, river low, and thus serious droughts around 3200-3000 BC”? (see 
FigureitL3). This nap of extreme cold dry conditions probably lasted no more 
than a couple of centuries at most, but it established permanently cooler and drier 
conditions that would not be reverued until the recent decades of twentieth century 
‘lobal warming, when both the Tyrolean ‘Iceman’ andthe Peruvian plants emerged. 
fom melting glaciers at opposite ends of the earth, after being buried in the ice for 
5000 years. 

‘These Mid-Holocene events were imbedded in a strange negative NAO couplet, 
‘As the icebergs and the ITCZ moved south from 4300 BC, stoo apparently did 
‘he winter westertes as evidenced by high lake levels inthe Mediterranean and 
‘central Europ, markers of strong precipitation Brought by a strengthened negative 
mode ofthe North Atlantic Ozillation But the onset ofthe Siberian High at 2900 
[BC interrupted this sequence high lake stands and the best explanation is that 
‘hecold, dry blasts of the Stberian High simply blocked the low af negative NAO 
‘westelis into the Mediterranean (See Figure Ie fora conjectural reconstruction 
(of the global impact ofa millennial Sberian High ) The igh lake levels returned 
around 3750 BC, but were interrupted again by the cold event at 3200 BC, when the 


‘high ake stands disappeared in several hundred years of intense arity; finally, after 
£2900 8a strong negative NAO wasrestored,and with tthe winter westerly rains 
“This eratic play of negative NAO and the Siberian High had.apowerfulimpacton the 
trajectory of societies from Egyptto india ®® 

‘was inthis context that th El Ni/Southern Oscilation began toresppesr, 
around 3700 BC according to lake sediments in Ecuator, around 3200 BC according 
to marine sediments off Peru. Then, in the century flowing 3000 BC, a the 
rillennil cooling event subsided and the NAO/AO settled inta long-term generally 
negative mode, the ENSO record exploded: the evidence from Ecuador suggests 
twenty-three years of trong El Nios inthis century followed by fifteen in the 
next (se Figure I1). The ENSO system had been gradually reasserting itself 
Inconjunction with the decline n solar warming, the southern migration ofthe 
'TCz, andthe waning ofthe African and Asian monsoons. But the global instability 
‘tt 3200-3100 BC may have jolted the E Nino/La Nia variation into particularly 
strong pattern, exactly asthe NAO system shifted away from is strong Early 
Holocene positive mode, which had held warmth and winter precipitation ona 
northern track. And the Indian Ocean monscon, which had lingered over the Persian 
Gulf and the youthern Mesopotamian aluvium after retreating from the Levant 
round 7000 BC, now retreated out to sa, setting off significantly rier and dustier 
‘conditions in this important region ?® 

‘This risks marked a fundamental shift in global climates From 3000 BC, the earth 
system stabilized ina system fundamentally shaped by cooler northern summers, 
with regular epochs of global climate stress. The North Atlantic Oscillation generally 
stood ina negative mode, with aco, dry noth and a warmer, molster south, 
propagating weak werterlies ona southern tack along the northern Mediteranean 
{nto Eurasia. With the weaker surface heating during cooler summers the northern 
‘continent no longer dragged the ITCZ/monsoon aystem afar tothe north and 
the weakened monsoons began to dance in oscillation with El Ni rainsand La 
"Nia droughts that now struck the Pacific American coasts with near clockike 
regularity Rather than any long-term directionality Late Holocene climate would 
stand in this configuration on a furly permanent basi. But in recurring intervals 
It would break into an abrupt reversal to colder and drier temperatures, crises that 
‘would have a profound effect on human ciiisations, where slowly but inexorably 
rowing populations depended on limited fragile agricultural systems. 


‘The Mid-Holocene Crisis and the Rise of the State 

‘The previous chapter argued thatthe development of tropical horticulture and 

the onset ofthe ispersals of Southwest Asian and Chinese agricultural eystems 

‘were set in mation by this Mid-Holocene climatic transition, described more fully 
Inthe previous section ofthis chapter. Here our problem i therise of complesty 


In this context of profound climatic change. What is particularly striking isthe 
smultanety ofthese changes Certainly, the “state” didnot sprout “from Athena: 
‘brow everywhere t exactly the same time, but the coincidences ae striking. The 
Wider Mid-Holocene transition, and its crisis at 3200-2900 BC, saw a significant 
Intensification of human economies and the restructuring rationalization that 
‘defines tha transition from kin-base village societies to bureaucratic states, and 
to thehigh cilizations perpetuated by systems of artificial memory, writing 

and monumental symbolism, mobilized by new cultural and political elites In 
sum, and in ts constituent pats these events marked a fundamental moment of 
punctuated change in the human condition, «punctuation inthe sense suggested by 
‘Gould and Eldridge in their classic formulation. 


‘Therelationship between the specific dynamics of the Mid-Holocene transition 
tnd the rise of complex society can be traced in all ofthe global hearths of ciliation 
15 we clasically ow them.™# On the western coasts of South America, it appears 
that the strengthening of the Atlantic monsoon andthe beginning ofthe Holocene EL 
[No requence launched the rise of agro-rtual complesty that would lead eventually 
‘tothe cultural and imperia systems of Chavin, Moche, andthe Inca Previously dry 
‘deserts, the narrow coastal zone and adjacent interior valley of north Peru were 
transformed by rising precipitation from the Atlantic and the increasing frequency 
‘of EINio stormsat the end ofthe fourth mallennium. The oceanic impact f the 
ELNitio shift brought bountiful shoals of anchovies and sardines tothis coast, while 
Increasing rains made the desert bloom and opened the opportunities for both ealy 
agriculture and collective organization leading tothe proto-state. The result was a 
sudden transformation ofthe local Archaic hunter gathering-ishing societies into 
Wat is known asthe Cotton Pre-Ceramic large settlements with platform mounds 
and sunken plazas began to appear onthe coast and in the valleys around 3000 BC, 
supported by irrigated farming of squash and beans, and fish and mollusks gathered 
tn La Nha years (see Figure IL). These settlements may have combined ritual 
suthority with specialization in growing and procesting cotton perhaps trading 
textiles and fshing line and nets to smaller coastal centers There are estimates that 
population grew bya factor of somewhere between fifteen and thirty? 


‘The general southward shift ofthe Intertropcal Convergence Zone and the 
‘monsoons watering the Olé Word tropics was compounded by both the Siberian 
High running from 4000-3000 8C and the sudden surge of ENSO variation around 
3000 BC. While the indian Ocean monsoon had been fading slowly inthe greater 
‘astern Mediterranean for several thousand years, now thecold northern conditions 
‘ofthe Siberian High sem tohave blocked the Atlantic winter westris, bringing 
pervasive drought from the Mediterranean into Central Asia (see Figures IL, 1.50) 
‘Then the explosion ofE Nifo undermined the residual influence the Asian and. 
African monsoons. 


‘The effects ofthe Mid-Holocene Crisis particulary its chaoticend, were 
particularly apparent in predynastic Mesopotamia and Faypt (see Figure1L2).In 
southern Mesopotamia, the process for reasons detailed later in this chapter was 
particulary elongated The origins ofthe Urukeultures ofthe Mesopotamian Plain 
‘ate to roughly 4200 BC, and in less than a millennium the Uruk were constructing 
the fist ruecitystates, whose imperial and commercial extensions influenced 
[Naqada Egypt In Blesopotamia, the Mid Holocene csllpseof winter precipitation 
‘undermined spring runof into the Tigris and Euphrates systems: the Uruk cities 
«collapsed, followed by a transitional emdet Nasr period of 200 years, during which 
‘league of cities developed. Then after 3000 C, the early Bronze Age warrior 
‘dynasties began arecuring cycle of imperial expansion“? 

Along the Nile, where Southwest Aslan agriculture had been introduced early in 
‘he Mid-Holocene deterioration at roughly 5000 BC, the Early Neolithic Badaran 
‘cultures after 4000 BC evolved into the more populated, stratified, and expansive 
‘Naqada. It may be that the reduction of Ne flow after 4000 BC actully reduced 
‘marshy conditions along the river, encouraging an expansion of agriculture. Then 
round 3200 BC atthe culmination of the SO0-year transition ofthe Sahara fom, 
wvannah grassland into desert and with a mudden drastic decline in Ethiopian 
rainfall that severely rectced the Nerve flow, the frst dentifiabl king emerged 
In Upper Egypt (near the present border with Sudan). These kings may have managed 
an expanding system of rigation, and they certainly drove the conquest ofthe Nile 
delta that unified Upper and Lower Egypt, establishing the basic pattern forthe 
ensuing Early Dynastic andthe Olé Kingdom periods! (se Figure 13), 

‘Acton the Asian steppes, the cooling ofthe Mid-Holocene disrupted early 
agricultural rocieties and et off a sequence ofompetitive romadism. To the 
south and east the sharp transition to state forms was similar to southwest Asia, 
somewhat delayed. tn the Indus Valley, 3200 BC saw the beginnings of Early 
Harappan culture, with the city-states ofthe Mature Harappan taking shape after a 
Aistint disruption around 2600 BC (see Figure 11.3. Where thas ong been argued 
that Harappan civilization developed and thrived ina humid cimat,itnow appears 
that ft was pr-Harappan village societies that developed inthe humid peak in South 
Asia, between 6000 BC and roughly 3500 BC. The earliest Harappan period emerged 
after along term trend toward aridity in South Asa had begun, and its increasingly 
mature phases developed inthe face of n increasing dry condition, asthe ITCZand 
the monsoon system retreated further tothe south *= 


‘In East Asia, the Pacific monsoon remained strong far longer than did the African 
‘and South Asian monsoons, allowing along fuarescence of Neslithc societies, 
Where the African and South Aslan monsoons began to decline from roughly 5500 
[8C and 4700 8, the East Asian monscon weakened somewhat round 4500 BC, 
‘but saw areal crisis only around 2400-2000 BC, manifested in massive ooding, 
followed bya significantly weaker, more erratic mansoon (see Figures IL 3,113, IL4), 


‘But before that crisis the long Holocene Optimum seems tohave extended thelife 
‘ofthe Middle Neolithic, in which Chinese agrarian systems were consolidated at the 
village level, giving way along the Yellow River tothe Late Neolithic Longehan, 
‘he northeast tothe Hongshan, andi the south tothe Liangzhu The Chinese Late 
"Neolithic cultures can be compared with the Ubaidin southern Mesopotamia and 
the Nagada in Egypt, and pechaps the pre-Harappan villages inthe Indus valley, in 
Wich dense hierarchical networks of villages competed for territory and resource. 
| we accept the foundational mythology in the Chinese tradition, the fst state 
‘emerged in China inthe wake of the fooding that marked the final end ofthe East 
‘Asian optimum. The Xia state was probably one of many smal polities, and some 
‘doubt its existence but ithas ben identified with an extensive archaeological 
tradition focused onthe ste of Erlitog, which was clearly apolitical center Xiais 
traditionally dated from 2100 BC, but the Ertitou ste has its origin at 1900 BC. 
Japan saw atrjectory broadly analogous to China’ Late Neolithic with the ie of 
the Earl Jomon settlements around 5000 BC preagricultural but with elaborate 
ceramic traditions, grading into the classi Middle Joron after 3000 BC, and gong 
Into decline after 2000 BC, withthe fading ofthe East Asan optimum? 


‘Such sa very brief account of the Mid-Holocene collapse of advanced Neolithic 
socletes and the rise ofthe eavet states Traditionally running back to 
Durkhelmlan soclology, the states sen as amore complex social form than the 
inship-based village societies that displaced, But recent thinking has turned 
‘thistrulm around, arguing thatthe bureaucratic and legal forms were drastic 
Hmplifieatin of the organic ritual and familial completes of Neolithic societies 
‘And ofcourse the “tate didnot entirely replace these ancent complexities, but had 
to work overtime to superimpose itself upon them, more and lees euccessful. But 
therise ofthe state was indeed arse" an Yemerpence,of urban and court elites 
‘wing other than the monarch were chosen for thei skills and not necessarily 
their Kinship, and who traded” their ritual, military, and managerial services for 
A rustenance produced by householders-becoming. peasants At the center ofthe 
sls and services lay the artificial memory systems of writing and monumental 
symbolism that recorded accounts, histories, and mythologies and required experts 
to interpret. These memory systems would be the vehicle of “vilizatione"that 
would endure through ime, encompassing the state polities that would rise and fall 
Inthe ensuing 5,000 years of “history facilitating their reestablishment after points 
of collapse 

‘Therelationship between the rise of the eatiest states and civilizations and the 
‘limatic criss of the Mid-Holocene transition strongly argues for treating this as 

a punctuational event, inthe sence Gould and Eiridge fret proposed forthe fosel 
‘record. Therise of the city and the state was not, recent work suggests, a lng, slow 
process, but short, dramatic event. Norman Yotlee, in Myths of the Archaic State, as 
argued that contrary tn generation of thinking - that “cities crystallize, at some 
olnt, api. ae phase transition. almost ae supernovae" In one elaboration, 


ofhis argument, Katherina Schreiber writes that “ancient societies didnot fellow a 
series of steps, moving holistically in lock step fom one tothe next, inorder o arrive 
atthetop ofthe ladder, the state Rather, states exploded novs-ike from beginnings 
‘much mare humble: simple tribal village societies” Recently, new dating for 
‘the emergence of temple tual in precontact Hawaii suggestshow “nove-ka™ 
‘these events might be: assumed by archaeslogists to have taken 250 years, the new 
‘dating indicates thatthe construction ofa sequence of thirty temples on southeast 
Maui took place over a ssty-year period between 1580 and 1640, Confounding the 
_mraduaists, this redating confirms native Hawalian accounts of amythic leader 
‘who forged the temple system, Joyce Marcus and Kent Fannery report another 
tight chronology, fot astight as this: new dates suggest that, the Mexican 
(Ouxaca Valley, 1,300 yeas separate the constructionof the fst ritual men’s house 
and the emergence of the Zapotec military state.“ Similarly Greg Anderson has 
nguod thatthe development ofthe Athenian pois was nota centures-long procest 
running through thelate Iron Age, but unfolded very rapidly during aforty-year 
period between 520 BC and 480 BC-“® Such examples strongly suggest that “history” 
sctully happened in prehistory” in real, short, punctuated ~ indeed politica time 
‘These punctuations in lstoricl time leading to “pristine state formation” 
‘occured in particular ecological circumstances Thirty-five years ago, Robert 
‘Carneiro propose that the origins ofthe state lay in population pressures in contexts 
‘of environmental ‘creumscription” vilage populations living in locally bountiful 
circumstances but hemmed in by hostile deserts, mountains, or nomad tribes, 
‘maved tothe establishment of state political authority to gain protection and 
predictability in a dangerous worl °° Ihave sugpested that such a framework helps 
to explain the origins of agriculture. Carnelros model particularly simplified 
version suggesting that population growth led inexorably to state formation -has 
‘been subjected to considerable critique over the past years"! Without reviewing allof 
‘hove critiques, would suggert that Carmeizo's model of circumscription continues to 
have considerable merit particularly if itis somewhat relaxed and extended"? 
Populations that were in some way circumacribed by ecological gradient through 
paceand time often accepted, or were force to accep, the superimposition of ritual 
and mulitary eter over the basal stratum of Neolithic village lif. By space we mean 
the ecological variability of geography, by time the ecological variability of climate. In 
‘Benerl terms, it is safe to argue that ently states could only emenge where there Was 
suficient net primary productivity to support their energy demands and subsequent 
_rowth, Such were the circumstances ofthe ENio coast of Pera, and the gest 
valleys ofthe Nile the Tigrs-Euphrates, the Indus, andthe Yellow Rivers. But these 
hearths of early civilization were also locate in a wider context of relatively arid mi 
to-tropical latiuces. These were well-watered pions bounded by moredry and 
hostile biomes; ofthese the Nile was the most circumscribed the Yellow iver the 
least Early polities dic not emerge in broad reaches af temperate western Europe or 
‘eastern North Ameria, in the tropical Amazon basin, oron the painsof northern 


‘Mesopotamia. They took the most time to developin Ching, wherethe ecologies ofthe 
_reat river systems may have been the lest circumscribed among the early earths 5? 
‘Additionally, loeated in these more arid biomes, each of the early hearths was 
particulary susceptibleto climate change and flactuation: a regional bounty might 
suddenly be overwhelmed by more generally hostile circumstances. The Neolithic 
peoples ofthese hearth regions were thus posed ona climatic hal tigger, 

‘Thetrigger seems to have ben the Mid-Holocene Crisis a variously manifested 
Here the new climate history allows usto take astep beyond Carneiro and invoke 
real historical events. In each ease, abrupt climate change played a formative role, 
Rather than population pressure in circumscribed regions leading by itself to 
‘competition, warfare, and state formation, all ofthese trajectories were set within 
‘gradual constriction and deterioration driven by the waning of the Holocene 
‘Optimum. But with only the exception of Harappain the Indus Valley where the 
process was more gradual, the immediate origins ofthe etl stat ayn a sharp 
‘visi that was probably measure in decades, perhaps a couple of centuries. ** The 
trigger was a discrete natural catastrophe, droughts in Egypt and Mesopotamia, 
foods in China and Peru, that le to population collapse and cultural eis, Such 
‘pochsof natura catastrophe undermined the integrity of aca Neolithic societies 
through mas calamity: people ded in huge number, villages were emptied local 
sods discredited, ancient memorieslos. Out of such ashes rose the fist states, 
‘Yoffe's upernovas, le by charismatic leaders, in which anew caste of priests 
‘monopolist and routinize ritual supplication, anda new case of warriors armed 
‘with new bronze weapons monopolized and routinied collective violence." In 
thie scenario of natural atartrophe and population crash an cbvious case can be 
made for an explosive cultural punctuation, asthe new elite stratum formulated 
‘ew authoritative cultures from the flotsam ofthe shattered village traditions, now 
‘preserved inthe amber of writing and monumental culpture.'* 


‘Thereis no question thatthe populations of ett states grew explosively. 

But it would appear plausble that ther Beginnings layin periods of disaster and 
‘depopulation. Such depopulations imply reasonably large pr-rsis populations; 
conversely, the pid repopulation ofthe territories of new states suggest that both 
‘ecological potential and established human skills were at work Ifthe state-cresting 
Mid-Holocene disasters of drought and flood undermined agricultural productivity, 
conditions returned to stability suficienty rapidly to alow populations to regrow. 
‘And tis safe to say that these populations grew -under (or despite theritual and 
military “management” ofthe early state~on the foundation laid by the agricultural 
stils and capacities developed over the several millennia of the Holocene Optimum. 
“Thue we nead to sketch the outlines of the“Second Neolithic Revolution” that et the 
stage forthe explosive emergence ofhigh civilization. Allof this requires that welook 
again atthe question of energy flows in eariy human societies. 


‘Neolithic Intensification: The Secondary 
Products Revolution 


Quite simply, its increasingly clear that early domestication and the agricultural 
revolution” ar commonly conceived was not neatly sufficient toestalish the 
‘cological and economic base the flow of energy upon which fundamentally 
successful high cillzations would emerge and Unive as pristine original oots of 
subsequent history. Among others, Bruce Smith has argued particularly cogently 
that the eatly domestication of wid food plants was only the beginning of very long 
and slow road letding to full-scale farming, and that it could not have supported a 
truly significant expansion of populations Early Neolithic peoples were essentially 
limited toa somewhat stabilized and slighty expanded flow of biomass and 
‘energy from an exploited landscape nd their numbers grew extremely slowly nd 
Incrementally. Fora numberof years, however, archaeologists have posted “Second 
‘Neolithic Revolution,” in which the meager foundations of the First Neolithic 
Revolution” were amplified into full-scale farming. Andrew Sherratt launched this 
‘argument inthe early 1980 with his propor that this second revolution, what he 
called a Secondary Products Revolution, involved the domestication of important 
‘ew plana and animals and the development of agrarian technologes that have 
persisted in emote parts of the world into recent living memory? Thinking in 
term of energy, this transition from horticulture to full-scale agriculture might well 
have doubled human energy consumption, from perhaps 12,000 Kel pr person per 
‘ay t025,000.%° 

‘Very broadly, these developments out ofthe limited horticulture of the 

‘early Neolithic toward what we cll peasant farming, and then the incremental 
Improvements to that farming through the ancient and medieval periods, fall 
‘within the frameseorkof intensification” that economist Ester Boserup propeced. 
Critiquing an extreme version ofthe Maithuslan theory of technological limits 

In premodern societies, she argued that canstant modest improvements inthe 
‘energy outputs of agriculture and technology manage to feed inexorably growing 
‘human populations *! We last saw technological “intensification” at workin 

the elaboration of skill among Upper Paleolithic hunter-gatherers dealing with 
rising populations in the era af modern human dispersal, and in the shift toward 
‘horticulture follawing the end ofthe Pleistocene and the Younger Dryas Following 
this shift toward the éomestication of plants and animalsin the wakeof the Younger 
Dryas, Boserup agricultural intensification has remained a central festureinthe 
‘human circumstance. As manifested inthe Late Neolithic agrarian transition, we 
‘might even want to consider ita very early manifestation of Adam Smiths model of 
rowth through the specialisation and division of labor, o-calledSmithan growth. 
“While aversion of Boserup’s “intensification, or of Sherratt's “secondary 
‘products revolution,” ertainly unfolded in the New Wert was mare cbvious and 


productivein the Od World, whereit revolved around the expanding use of animals 
{for purposes beyond the dizec, primary consumption of the domesticated prey: 
‘milk, woo! and, most important, traction. In sum, this incorporation of atte sheep, 
pats, pgs, and eventually donkeys, horses, and camels intoOld World agrarian 
systems cumulatively increased the nergy brought into human economies inthe 
‘form of food textiles, and motive power? Here cbviously lay the rot advantage of 
(Worl societies over those inthe Americas Human beings nolonger had touse 
“simply their own muscle power to gain a subsistence, but could multiply their time 
Input with animal energy. 

From this intensifying incorporation of animal power lowed series of important 
‘outcomes. Making the energy output of «beast of burden more efficient required 
| technological revolution in the invention of wheeled cars and plows, the central 
Implements of Eurasian agriculture own into modern times. Carts and plows 
‘may well hvebeen central toa series of fundamental changes tothe structure and 
Workings of families and communities First, they may have worked toreshape the 
Rendered division of labor, from an eaely Neolithic word in which women controlled 
horticulture whilemen hunted and herded. Anima hitched to plows andearts seem 
to have brought men into agriculture and moved women toward the household, 
where they ort their now ancient horticultural role but unburdened women of the 
‘hore of fiewood election, universally female task n prefarming societies? 


‘Then theres the impact on collective woek ad reciprocity that these new 
tchnologies would have ha Jack Goody proposes thatthe traditional agrarian 
world has been divided between cultures ofthe hoe and the plow, with profound 
legal and sociological implications °* The construction ofa plow or acart waa 
complex and expensive investment, and fit originally was shared around a vilag, 
rubsequant history sugges that it soon became the property ofa given housebold, 
as did the surplus product ofits labor enhancement. Thus theintenifications of 
Sherratt secondary products revolution” it has been suggested - drove the general 
‘cal reorganization of society from the foraging band othe village of households, 
and the resulting emergence of familial and individual claims to property Inlate 
Neolithic intensification lay the seed of social inequality. 


‘The secondary products revolution” the late Neclithic intensification thes are 
not pattof the common parlance of woeld history: Here should make my point a5 
plain as possible in two particulars. First, the elaboration of late Necithiceultures 
‘was a salient event n port Pleistocene world history, second t must be seen at 

_an energy relation, one of five such energy revolutions that am stressing inthis 
‘book. Each ofthese revolutions reorganized humanity's assembly of natural primary 
productivity for uman consumption And each followed an epoch of abrupt climate 
‘change’ each energy revolution was in some measure aresponsetothe tresses, 
slepopulation, and cultural reorganization driven by an sbrupt pute i climate well 
‘beyond our commonsence framework of understanding The irt ofthese energy 


‘evolutions was domestication long, slow procesfllowing the Younger Dryas. 
‘Thenext two such energy revolutions, the ate Nealithc solidification of village 
agriculture and theriseof the state, cannot be understood outside of therubri ofthe 
‘wo millenia cooling events - at 6900-£100 BC and 4000-3000 BC that bracket 
‘the transition from the Early Holocene Optimum andthe Mid Holocene Crisis. 1 
have sketched the ole ofthe Mid-HoloceneCisison the rise ofthe state: inthe final 
‘ection ofthis chapter Texplore the early dynamic of the £900-OOO BC climate event 
and the launching ofthe secondary products revolution. 


China and Mesopotamia in the Neolithic 
Bronze Age Transition 


‘Among the high civilizations developing inthe longer ancient world after the Mid- 
Holocene transition, only two were truly successful: Southwest Asia-Egypt and 
‘China, Successful ie a loaded and perhaps pejorative term, but thas a basis in reality 
Each generated massive population growth nether was ever completely destroyed 
yan utter collapse. Each would have permanent cultural and political legacies 
‘Chinese civilization would endure in place with reasonable continuity from the 

ofthe frst states around 2000 BC down tothe present day; Southwest Asian 
lvlizaton, most powerfully in ts Mesopotamian and Egyptian manifestations, 
‘would endure for several millennia a its essential traditions were grafted onto 
Mediterranean, North Aftican and South Asian societies. nthe New Wott high 
tiizations developed more slowly, and inthe end could not withstand the brutal 
‘hock of global reunification that marked the beginning of the modern world. 
High cviltzaton inboth China and Southwest Asia rested in eminently sucessful 
Neolithic intensifications. Of these we know far more of Southwest Asia, and wealso 
sre beginning to have a picture of the human demographic pattern in Southwest 
‘Asia that suggest the outlines of long-term history of human welfare Thusinthe 
brief account that fllows I focus my attention there. 


‘Robert Carneros argument that ecological circumscription shaped the ise ofthe 
pristine tate ha obvious parallels n Ester Boserups model of population pressure 
Ariving intensification inefect Carneiro state isan extreme manifestation of 
Boserupis intensification But f Careiros model of circumacription enhanced 
‘byclimatechange-may help to explain the ise ofthe tate it doesnot seem to 
have had roe inthe ris of Late Neolithic agricultural economies in either central 
‘China orinnorthern Mesopotamia Inboth of these situations relatively well 
‘Watered, wide expanseof teritory provided the round upon which gradual and 
Incremental improvements to agricultural technology brought a significant growth, 
of population, dispersing and segmenting into ramifying networks of relatively 
similar, relatively prosperous village communities. The formative intensification 
‘and maturation of agrarian systems took considerable time, fre of climate shocks, in 


“environments that could absorb considerable human impact. But in Southwert Asa 
‘te clesr that there wae a powerful discontinuity nthe seventh millennium, with 
the climate driven disruption and collapse ofthe Pre Pottery Nelthic paving the 
‘way forthe long intensification ofthe ensuing two millennia 

‘Incentral China such unshocked, uncircumscribed conditions lasted fora very 
Jong period of time. During the long peak ofthe Holocene Optimum East Asian 
‘monsoon, from immediately following the Younger Dryastoroughly 2500 BC, the 
‘central Chinese Nealithic moved slowly toward a more fully formed dry rice/millet 
agriculture. This development culminated in the wide dispersal of vilagesin the 
‘Middle Neolithic, around 5000-3000 BC, becoming significantly more stratied 
‘nd violent asthe monsoon system began to wane, leading othe Late Neolithic 
‘cultures lke the Longshan* (ee Figure 1.3). Arecen find sa testament to both 
the sophistication achieved by the end of the Chinese Neolithic andthe power of 
‘he natural forces that snapped it into an EartyBronse Age state Ata Late Neolithic 
village on the Yellow River (Lia), archaeologists have recovered abow/ of millet 
‘oodles under athree-meter layer of floodplain silt; the noodles wee preserved 
when the mative flood that destroyed this vlage around 2000 BC fippe the bowl 
bottom-up ofa table and onto the flor, and into the archaeclogical record ®* 


‘This noodle bowl, miraculously unbroken, can stand asa metaphor forthe long. 
continultis that built the foundations of Chinese village agrieultur. The floods for 
Wich its stands as evidence also haw a central place in the foundations of Chinese 
history tradition recounted how the pechaps mythical founder ofthe Xia dynasty, 
“Yuthe Great tamed the lods by ongantring drainage systems along the Yellow 
River®? The prehistory of Southwest Asia was not so continuous and unbroken, and 
‘twas similarly shaped by fos and lod myths: But for perhaps 2,000 years, the 
‘wide reaches ofthe upper Euphrates in Syria, iraq, and Turkey served asthe earth of 
fundamental maturation of an agrarian economy. 


‘This Late Neolithic economy certainly had its rootsin the achievements ofthe 
Pre-ottery Neolithic B communities seattered thinly across the Levant and intothis 
northern Mesopotamian region But climatic criss separated the PPN cultures fom, 
theadvanced north Mesopotamian agrarian societies. The Mid-Holocene climatic 

decline had its frst manifestations in this epion bythe end of the eighth millenium 
1 (-7400 BC) when the eummer monsoon rain coming of the Indian Ocean began 
to falter, as measured distantly by a decline in cak pollen inthe sediment cores at 

‘Lake Hula in northern rae, and in rising eves of dust and dolomite coming fom, 
‘desert soils recoded in Arabian Sea sediments(see Figure IL2), Occasional winter 

‘downpours from the Atlantic westelies that werebeginning tomove into the region 
‘eroded the sil and guid the hillsides in thedry Levan.7° twas in these conditions 
compounded by human impacts on local environments through deforestation and 
overgrazing, and capped by the advance ofthe 6900-6100 BC millennial cooling 

‘event culminating inthe disastrous century-Jong drought following the Laurentine 


‘melt water event in 6200 BC that the Pe-Pottry culture of the Levant eventually 
‘collapsed, Ithe record of fortifications and massive fires ata series ofsitesin 
southwest Anatolia san indication, the climate degradation in these centuries ed 
to strifeand warfare analogous tothat among the Mesolithic Qadan peoples along the 
Nile during the placa! Younger Dryas.7* 

‘Simultaneous with the decline and csllapse ofthe PN cultures centered on the 
Levant coat, new developments were brewing in the interia, inthe upper drainage 
‘ofthe Tigris River. Here- ut of thelocal PPNB peoples the Pottery Neolithic 
‘cultures known as Hassuna and Samarra were evolving, the foundations of the 
‘copper-using Chaleolitic societies that folowed "2 Therigins ofthese cultures, in 
‘manifestation called Proto-Hassuna, featured orderly planned sites, coarse pottery 
‘differentiating it from its Pre-Pottery antecedents, and a mixed hunting-herding 
economy, Proto-Hatsuna might have had its origins as early as 75008C and might 
have graded into Hassuna by 7100 BC, the tradition differentiating nto the Samarra 
‘sit pread south along the Tigris into central Mesopotamia.™* 

Tele pousble that these north Mesopotamian cultures benefited from the fist 
‘continental winter rains brought by the emerging southern trackof the weteries 
driven by the North Atlantic Oxllation i ts new negative mode, shifting south 
ss the summer monsoons retreat (see Figur 5b). Such would be the hinge of 
‘thedMid-Holocene transition in Southwest Asi, a the Intertropical Convergence 
‘Zone and the southern summer monscon withdrew, the nluence ofthe Atlantic 
expanded, mediated bya winter storm track that ran through the northern 
Mediterranean, the Aegean and into Anatoli, watering the catchment basin of the 
Euphrates and the Tigris systems that ran through Mesopotara.”” But the pollen 
Profiles from the river Deiphinos in Crete and Lake Van n Turkey show significantly 
Increased oak poten for the millenia only after roughly 6200 BC, suggesting that 
the Atlantic weeteries didnot arrive unt the era ofthe Laurentine event, or per 
until after the end ofthe 6900-6100 BC cooling epoch ”® By the time that theres 
Clear evidence ofthe arrival ofthe NAO-driven westerlies, the Hasruna had faded (oy 
{6600/6300 BC}; the winter westerlies would have had more fan influence onthe 
Samarra andthe ensuing Chaelithic Half and Ubaid cultures. 


‘These north Mesopotamian cultures thus emerged depending on these new winter 
rains, expanding asthe Pre Pottery cultures centered on the Levant disappeared. 
While there are certainly well-planned settlements among ther remains the 
tendency was toward smaller, more widely distributed locations, small villages 
distributed across a dry landscape taking advantage of local water sources. Unlike 
the isolated beshive concentrations ofthe FENB-C peoples at places ke Catathoyik 
and’Ain Ghazal, which could be as large as twelve to thirteen hectares, the Hassuna- 
‘Samarra-Hala settlements were widely distributed in aramifying network of 
smal vilages each of one to five hectares spread acrossthe north Mesopotamia 
plains. Salas they wer, these dry-country cultures seem tohavebeen the focus 


‘of fundamental changes inthe Southwest Asian farming systems and launched 
‘the beginning ofthe intensifiation, Sherratt’ secondary products revolution, that 
‘would lay the foundations for the urban civilizations tocome™ 

‘Their most obvious technical innovation lay nthe pottery that defined them ax 
archaeological entities, coarse wares inthe Proto-Hassuna period but increasingly 
refined and elaborately painted incised, and burnished wares in the succeeding eras. 
Pots were fred in open hearths in the Hassuna and Samarra and in more advanced 
updraft ins, reaching temperatures of 950 degrees centigrade, in the Halaf and 
‘Ubaid By this time pottery production had become a professionaized craft, perhaps 
controled by powerful elite households, and part ofa regional system of exchange 
‘that transcended local and ethnic boundaries in a wide interaction sphere.”* The 
‘development ofthe sills and secrets of transforming earth by fre wat obviously 
‘momentous transition in the history of energy and technology, asthe relatively 
massive burning of wood and charcoal led to fundamental improvements in human 
‘cology, The kn fring flay to make pottery andthe chemical experiments that 
led to early glazing led reasonably directly to the frst systematic metallurgy, which 
began with small, hammered, copper omaments during the Pottery Neolithic and 
progressed to full-scale smelting and casting during the Chalcolthic”® 


‘Technological changes launched during the Late Neolithle were matched by the 
beginnings of profound sociological change. Over the ong term in the human 
‘condition, bands of hunter gathers, which the equalising force of collective 
entity and reciprocal obligation was paramount, was giving way toa segmented 
snd hierarchical mode of social existence that we sil inhabit today" For better and 
‘worse the mmadiate bonds of kinship and experience of the band were dissolved, 


‘of priesteldersof the PPNB supervilages. Other more variable mortuary rituals, 
and traditions of ritual circle dancing, certainly must have worked to perpetustea 
version ofthe ancient corporate unites ** 

‘But with the late Neolithic Hassuna and Samarnain the seventh millennium 

BC the material manifestations of unequal familial power and accumulation 
‘begun to emerge in new house forms and settlement patterns. Atthe beginnings 
‘ofthe sequence at Tell Hassuns, well ater the dense human behive settlements 
‘ofthe PPNB had been abandoned, house forms were small and compact thre- 
room constructions that only could have accommodated a nuclear family. Within 
several hundred years, however, such small, slated houses had been abandoned 
or expanded into haphazard, open compounds of two to three domestic units 
arranged around a common courtyard, sharing some ovens and storage rooms. 
“Tothis day inthe agricultural Middle Eat such courtyard compounds house 
‘extended families, and they would bea logical means by which family labor might 
be pooled to conduct more extended agriculture. In certain sits, thi elaboration 
‘of domestic architecture was associated with the miature of Samarra pottery nto 
assuna context, and apparently with an important elaboration ofthe agricultural 
‘economy? Iwas in the Samarra sites located toward the south, a or jst below the 
1Une of regular rainfall running across northern Mesopotamia, that archaeologists 
argue that rigated agriculture must have been developed by approximately 6000 
judging fom the presence of water-dependent crops such a fax in an otherwise 
‘excessively dry pion, and an actual water channel at the Samarra site of Chopa 
Mami 

arty tration may wel have been the ky tothe survival of the Samarra which 
lasted at least 400 years Beyond the end of Hassuna and spreading toward the south 
might have had aoe nthe crystallizing of the Ubaid, which would flourish in the 
southern Mesopotamian iowlands. The Hasruna faded sometime during the second 
half ofthe seventh millennium Though the dating is vague, there was aclearbreale 
‘between the Hassuna and the Chalcalithic Hala that followed, marked bya period 
of aridity that might have been caused by the Laurentine crisis of 6200 BC, the nadir 
ofthe seventh millennium decline, when the advance of the NAO westerieshad not 
_yetcompensated forthe retreat ofthe southern monsoons. tn such acircumstance 
ltmakes sense that irrigated agriculture supported the Samarra for several hundred. 
‘more yeas. To the north the conical houses of the emerging Chalcolithic Halaf may 
‘have been an adaptation to hotter, drier conditions roughly similar houses are 
sti built fom Turkey into Afghanistan © The Halaf was eminently adry-country 
‘Waptation that never extended routh of thersnfall tine north ofthe Euphrates, 
‘butthe advance ofthe NAO winter westertes,as measured by pollen in Crete and 
{Lake Van, must have ameliorated their circumstances considerably inthe sixth 
rillennium (50008)=7 


‘Spread thinly across the northern Mesopotamian landscape, Hala villages 
‘typically occupie virgin sols never previously inhabited The Ubaid peoples of the 
southern Gulf similarly appear on new lands in the archasological record at about 
‘the same time inthe seventh millennium. But there are suspicions that thelr origins 
run ina totally diferent direction; their sites appear at thehead of the Persian 

Gulf, reasonably wll develope. It seems likly thatthe origins ofthe Ubaidelost 
‘under the waters of the Persian Gulf, covered by rising postglacial sealevels.*° As 
‘their skein of small villages thickened, the Halaf and the Ubald peoples launched 3 
network of formal exchange literally marked by the lay seals with which household 
‘owners marked thelr packages before sending them beyond thelr sight. And diving 
this expansion of villages, and the population occupying them, was a fundamental 
Increase in the husbandry of atl and pigs. The increasing number of pigsand 
‘the increasing evidence for orchards of olives and date palms suggests that these 
Caleolithc soceties were increasingly fixed in place, because pgs (and orchards) 
‘donot migrate easly the distances required by regula seasonal transhumance? 
Petr Charvit sees fundamental connection between this final “sedentarization "the 
population growth driving the expanding numbers of small Halaf and Ubaid villages, 
nd the intensifiation require to maintain thove numbers. The renut-Charvit 
argues -wasa profound break withthe past: 


By releasing an irreversible rend of population growth, sedentarzation 
rust have resulted in econome intensification fll the new mouths were 
toe fed... [Tle necessity ofeaterng forthe needs of more humans 

than before must haveled to systematic and profound assessments of 

the economic potential of landscapes inhabited by human groups andto 
vironmental exploitation far more intense than before. Allof a sudden, 
ole landscapes clad themselves in settlements and, when the Neolithic 
you were delighted to live with neighbors you only saw once every six 
‘months ors, inthe Chalclithic you had them permanently “onthe other 
fide of the hill" 


[n there more crowed landscapes, pople sought ways to ada totheir energy intake, 
and cattle provided the most fundamental contribution. The increasing herds 
‘ofcatte in Halaf and Ubald vilages provided more mest and presumably milk, 
Important for children as a weaning food. The earliest use of milk western Eurasia 
has now been identified through the analysis of isotopic residues of fatty acidson 
pottery sherds: the hearth of milk consumption seems tohave been northwestern 
“Turkey between 6500 BC and $500 BC! At the same time, theee people put animale 
to work fr the frst time driving single oren ina circle to thresh grain. Cattle hooves 
‘were soon supplemented with weighed sedges often embedded with carp int, 
dragged behind the rotating mx these implements both threshed chaff from grain 
‘and chopped the straw. Wecan imagine a role fr priests and collectivein the fst 
‘cular deployment of atte onthe threshing oor Bepinning sometimein the fifth 


millennium, thep were used ac pack animals, replaced later with donkaye derived 
fom Aftia. This was a key moment: the fusion of wood and leather technology 
with the bio-energy f another living creatueto extend human abilities toalter 
natural things, beginning ofan energy revolution that gradually ited the direct 
burden of work from human muscle and bone 7? Ae Charvit argue, the “wiholesle 
application of traditional inventions and deliberate efforts at maximization of the 
‘energy output (more cattle) must have brought in economic returns considerably 
surpassing those traditional subsistence modes“ Across the board the Halaf 
1nd Ubaidpooples ofthe sath millennium tinkered, improved, innovated, and 
Intensiie: pottery, metallurgy, detailed inlaid stonework, andthe pack trains and 
‘even small boats sling on the ives and Gulf that supported the increasingly 
‘denge and regulated exchanges that brought these goods hither and yon across the 
region. 

‘These were, as Norman Yotle has putt, people and places of emergent 
properties." They stood between the long and perhaps uncertain beginnings of the 
‘earlier Neolithic and the explosive msper-novas ofthe fist entrained city-states. 
Relationships between communities were reasonably peaceable, and relations| 
‘within communities were governed in a reasonably equalitarian fashion by councils 
ofelders representing extended households and lager kin group.” if there was 
tn epoch nthe prehistoric past when Adam Smith\ model of economie growth - 
Increasing intensification and specialization of production leading to incremental 
Improvements inhuman well-being -the Late Neclithic here and in China may be 
candidates 


Ifthe entire span from the beginning of Hassuna tothe end of Ubald ran more 
‘han 2,000 years, such an Eden world could not last forever. Ifthe endogenous, 
‘depleting effects of an intensifying exploitation ofthe landscape didnot bring this 
‘world to an end, the exogenous effect of natural forces would othe job Contrary to 
somuch of ou recent emphasis inthe study ofthe environmental history of ancient 
and medieval societies, nature was more damaging than humanity as Mesopotamia 
‘begun to make the transition towant cities and states. 

‘The sequence of archaeological cultures provides the outline ofthis story The 
Ubsid had been rertricte to the head ofthe Persian Gulfin southern Mesopotamia 
since its origins around 6000 BC At around 5200 BC, twothings began tohappen. 
First, the each of Ubai settlement in southern Mesopotamia began to decling, with 
‘many regions being abandoned, while certain key locations grew larger. Second, 
Ubaid influence began to appear throughout the region, from Syria tolran and down, 
along the Arabian coastof the Persian Gulf To the north nthe grester arc ofthe 
‘upper Euphrates, the Halaf cultures waned, disappearing by S000 BC, replaced by 
‘the northern extension of Ubi, either by emulation or imposition ® Here and to 
‘the south and southeast nto ran there appear i have been both Ubaid colonies and 
‘trading posts At the ancient Ubaid center, and at some f the new places ofthe bald 


“diarpors, new socal configuration took shape, comprised of elaborate central- 
hallway house forms clective cemeteries, and expanded canal construction; 
‘temples, present in modest forms in the Early Ubaid now became more prominent 
and ubiquitous?” 

How long this classic Ubaid culture lsted seems tobe a matter of some difference: 
‘one school sesit running down t 4250 BC, another ending a roughly 4600-4700 
1C* Whether you havea long “Late Ubaid" or along “Early Uruk," however, the 
‘general story seems clear: the ith millennium was one of instability and 
sbandonment, extensions and transformation. Over the lang term, the Urukeulture 
‘splaced the Ubad, though the pace and timing varied considerably from region to 
ron. The Uruk as characterized by a series of departure from the past. 
ELaboraely painted pots reflecting regional and local trations were abandoned for 
lundecorated bowis mass produced on potters’ wheels. The elaborate burial traditions 
that had been evolving since the Natuflan preagricultural villages were completely 
sbandoned, and burials simply disappear from the archeological record until 
DDynastictimes. Settlements grew from a maximum of 10 hectares ~several nde 
people ~in Ubaidtimes tothe massive cite of 250 hectares perhaps 20,000 people 
~of the Late Uruk between 3400 and 3100 BC. Temple complexes with mative 
_ranaties gree with the etlements and cites and suggest that a managerial 
Driesthood governed the Uruk, planning canal construction, storing and distributing 
ain, propitiating the gods, and perhaps directing the defense of the cities and the 
‘expansion oftheir inftuence tn one of his last major publications, te ate Andrew 
‘Sherratt prevented a powerful argument forthe adoption ofthe plow a part of an 
‘expansion of agriculture to support this Uruk “urban revolution." Herethe sedges 
used for threshing were turned into plows drawn ina straight line by two oxen, 
perhaps particularly tocut furrows to channel water for an expanding irrigation 
system. The adoption of the plow would have been led by wealthier households and 
priestly authorities; both extended the role of nonhuman energy inthe agrarian 
‘economy but also deepened a now decided stratification of society”? The Uruk city- 
states builtin other ways on Ubaid foundations, expanding an imperial reach up the 
rivers tothe north and along the Gulftothe south. Much of this was recorded onthe 
‘world's frst writing system, the Late Uruk pictorial inscriptions on clay tablets that 
‘must have had their rotsin the property seals of the Halaf and Ubi, which evolved 
{nto the cuneiform script of Dynastic Mesopotamia 1° Not yet the monarchical 
absolute despotisms of the coming ages, Petr Charvit describes the Uruk asa strange 
‘utopian amalgam ofthe ancient past and coming future, “huge and essentially 
squalitarian Leviathan? that “represented the nal stage of the evolution of 
traditional society" but which mobilized men and resourceson an utterly 
‘unprecedented massive scale 0% 

‘Why di this happen? What was the releof natural forces? And how might an 
‘cological model of circumscription helpto explain the unraveling ofthe Ubsid 
and thers, triumph, and collapse ofthe Ural? In egardtothelong transition 


‘between Ubaid/Halaf and the Uruk, it would appear thatthe lack of water was not 
‘the sue, Indeed there was probably too much water and inthe wrong places Water 
‘camefrom thre directions ina unique confluence in the narrow channel running. 
between Arabia and ran: Mesopotamia and the Persian Gulf. From the north, the 
Atlantic westerlies had moved far enough south by 6000-5500 BC to drive the spread, 
‘foaksin eastern Anatolia and the Zagsos Mountains, suggesting that there was 
‘winter precipitation suficient to maintain astrong springtime flow of river water 
Inthe Euphrates andthe Tigris. °7 From the south, while the summer monsoons 
hd retreated from the Levant by 7000 BC and Arabia t perhaps 6200 BC, °> they 
Lngered over the Gulf and the southern reaches of Mesopotamia, bringing summer 
rains toa lush, well watered region ‘9 The third source was global:the final 
postglacial risen sea level, process that had been under way since the end of the 
Pleistocene. In Central Cina, ising sea levels would contribute tothe sifting and 
braiding channels and the massive flooding slong the Yelow River that would drive 
‘the collapse ofthe Late Neolithic and the origins ofthe Xi/Erltou state around 1900 
1c, and they played a central roe inthe demise ofthe Ubaid andthe transition tothe 
Uruk. 


During the fifth millennium, and as erty ax 5200 BC, a*marine transgression” 
spread inland a the head ofthe Persian Gulf Where the head ofthe Gulf stood, 
‘omaline with present-day Basra around 6000 BC, by 4000 BCithad advanced 
northwest to present-day Nasiiyy, and the sites ofthe ancient cies of Uruk, Ur, 
Eri, and Lars. inthis transgression, the invading Gulf waters andthe combined 
precipitation ofthe westeris and the monsoon conspired to turn the river courses 
ofthe Euphrates andthe Tigris into wildly eratic monsters, thrashing across a wet, 
‘marshy landscape, shifting from year to year, and repeatedly devastating Ubald 
‘villages with disastrous Noods © tn the 1920s, archaeologist Lennard Woolley, 
Inexcavatng the lower levels ofthe city of Ur, found a tweive-fot layer of flood 
‘borne silt overlying an Ubald settlement While he thought that he had dacovered 
‘iret evidence ofthe biblical food, the reality was that there were many floods in 
there centuries, some massive enough to have shaped myths of great destruction. 
Accounts of Mesopotamian floods -pethaps a masive flood a the end ofthe Mid- 
Holocene Crisis at 2900 BC passed down in Sumerian tradition certainly were 
‘the root of the biblical story 0" The effects ofthese disasters that so prismatically 
sssailed southern Mesopotamia, archaeologist Frank Hole argues, were atthe oot 
‘ofthe long emergence, consolidation, expansion, and demise ofthe Uruk Asentire 
regions were devastated, surviving refugees were set in motion, crowding into 
settlements in more favored locations Leading households in those places evolved 
into temple compounds, becoming the focus of emerging cities.Atthese temples, 
raised on tells above the periodic foods, men of particular ability spoketo the gods, 
‘eatered in and parceled out grain from granaries, and managed swarmscf refugee 
‘labor fr public works and war as needs bein dark, uncertain times They began 
‘mobili cattle and plows to expand irrigation to feed these growing numbers. In 


‘these conditions, smaller vilages of s hectare or so eve way tolargertownsoften 
‘twfiftcan hectares, while the total population peobaby fellor stagnated, and some 
‘number ventured fort, up the rivers nd down the gulf, seeking new landsand 
‘trading opportunities 17 

‘Thus the relentless pressure of the gulf marine transgression seems toexplain the 
‘transformation ofthe Ubaid. Ifthe general consensus that Uruk began toward the 
‘end ofthe fifth millennium sight, it is possible that a sudden drought atthe onset 
‘ofthe 4000-3000 BC cooling event, manifested in the coldest temperatureson Mount 
‘limanjaro (4400-4100 BC) since the Younger Dryas and. slight increase inthe 
‘desert dust reaching the Arabian Ses, may have been the tipping point.°®# But with 
the onset ofthe fourth milennium the transgression up the Gulfcame toa halt and 
‘begun to reverse Since tis reversal, over the past 6 000 years the head of the Persian 
Gulhas retreated gradually about 20 Kilometers, o wel south of Basra As of 4000 
1c, however, the end ofthe Gulf transgression left the great Ubaid-becoming- Uk 
settlements situated on the northern shores ofthe gulf entrepts between the ocean 
Waters andthe interior rivers, and in command of the richest, best-watere alluvial 
‘oll in all of southwest Asia. lf the recurring floods ofthe transgression ora seating 
“drought atthe end ofthe millennium were the contest forthe emergence ofthe 
austere Uruk sociology, the improving conditions of the beginnings ofthe regression 
was the context for the emergence of Urukurbanization and proto-state building. 
‘Trade and apparently expansive war emerge inthe Middle Urukafter 3800 BC, 
followed by the explosion of ities and writing tn ate Uruk in 3400 BC 


Hore theresa great debate about trade and empire, circumscription and 
‘opportunity among the contemporary students ofthe Uruk. All would agre with 
Guillermo Alpaze's account of the unique ecological advantages at the head of the 
(ulfin the fourth milenntum. While catastrophic odin receded, the rivers 
‘brought enough water and silt inthe spring to make the southern landscape 
partculaly bountfi and the region fantastically productive in agricultural 
resources The vers and the shallow Gulf provided the means of waterborne 
transportation running hundreds of miles from the Straights of Oman tothe 
Assyrian plain. And they would also agree that southern Mesopotamia was also 
‘devoid of hot ofthe essentials of ancient material life metal ores, valuable stone, 
certain kinds of timber, and various precious exotics Thelower alluvial plain 
Was so resouree poor in this regard thatthe Ubaid peasantry had to resort to making 
sickles and other tools out of hard-redeay!19 What southern Mesopotamia had 
‘was people and farm products. During the ater part of the Ubaid and throughout 
the Uruk the twa woul be combine into a valuable line of exports. Women 

‘were recruited and managed bythe temple households to produce textilerin vast 
‘quantities in what has been described as a“iber revolution” —that became the basis 
‘of trade with regions beyond the Urukcore!!* 


‘This expansive engine of production and trae, Andrew Sherratt has argued, drove 
‘the next great eventin the unfolding energy evolution: the mass application of the 
‘wheel Southern Mesopotamia had no ral need for better transportation, given the 
web of waterways at the head ofthe Gulf that provided friction fre transit But 25 
‘Uruk colonies spread to the dy plains of northern Mesopotamia, this advantage 
‘disappeared, He suggests thatthe wheel evolved quicly in these northern outposts 
from roller that had begun to appear under the threshing sedges. Two wheeled 
‘arts and four wheeled wagons emerged extremely uichiy in mountain nd fat 
lying regions and then spread — with the plow ~across western Eurasia inthe course 
‘ofa very short 200 years, between 3500 BC and 3300 BC. These innovations were 
Initially the possessions of elites, and they leapérogge from center to center across 
the steppes and then Europe, before difusing down the socal sale to more ordinary 
households. The result ofthis rapid adoption ofthe wheel andthe plow across Europe 
would provide the bass of the mgion’s herarchy and stability for thousands of years 
‘tocome. The technology of mixed farming that lay atthe root of Europe economy 
through the Industrial Revolution would sort its people nto wealthier and poorer, 
but in combination with young glacial soils and temperate climate it would build 
powerful and enduring cultural mate! 


In Mesopotamia, the ising prosperity of Uruk, scholars agree, reste onthe 
‘dynamics of complementary resources between regions linked by increasingly 
ood transportation. But here the consensus breaks down. One group of scholars 
‘would stress peaceable relations between centers inked by transportation routes, 
In which gods flowed between northern Mesopotamia andthe Urukeitieson the 
Gulf to matual benefit But Algaze has convincingly argued that this war an 
asymmetric relation, n which Uruk wasthe core toa wide circu of peripheries, its 
sudvantage grounded on the mobilization of labor forthe production of textiles, and 
thatthe relationship was in some measure imperial rather than simply commercial. 
‘This was, be argues a “word system” of extraction onthe periphery for the benefit 
of a powerful center, a framework first developed by lmmanuel Wallerstein to 
‘describe the imperial economies of the early modern world His case has recently 
‘been bolstered with the excavation of the nother site of Tel Hammoular that 
clearly had been besieged and overrun by Uruk warriors at roughly 3500 BC." And 
Aigaze’s application ofa world system model is strengthened by his argument for 
multiplicity of iy states in the fourth millennium Uruk core city-states often 
within sight ofeach other, which competed (lik arly modern European state) 
for control of resource-rich peripheries beyond the head of the Gulf Commerial 
and military competition between city-states, and between factions within city- 
‘tates, would explain the various manifestation of Urakexpansions merchant 
settlements, military outposts, exile refugee communities 1* 

‘While tlt toward the world system model here, allof these explanations 
‘bear relationship to Robert Carneiro’ now venerable model f circumscription 
‘andthe rise of the state. His model may not surviveinallits particulars Thusa 


‘circumscription shaped by simple pressure of simple population growth on local 
‘resources (carrying capacity) seems tobe not an absolutely necessary river, or more 
‘necessary than a circumscription stemming from gradual or abrupt environmental 
and climate change or even the circumscription” of the competitive marketplace, 
<diven by human aspirations for bright and shiny things. But all would agree that 
‘the souther alluvium atracted huge numbers of migrant peoples over the course of 
‘thesetwo millennia either as refugees or astranshumant peoples looking for beter 
land. At the same time all would agree that ¢ was in some measure resource poor 
and tha, one way or another, this combination of factors ed to an unprecedented 
‘mobilization of labor to advance the fortunes ofthe Uruk cities In this mobilization 
there was a etling down, a"social caging” a Michael Mann argues in The Sources 
of Soci! Power, that comprised a circumscribing force ofits own, a limiting of 
‘options to an elaboration of the new order, andthe loss ofthe most ancient means of 
Avoiding vest: segmentation and dispersal." Recurrently the collapse of great 
‘ociopolitial systems usually unde the dress of powerful natural forces, would 
Allow generations of people to escape the state into the freedom of tribal herding 
societies.” But there seems to be every reason to think, judging by the relative 
‘onstrietions of the Mesopotamia alhvium, the Egyptian Nile, and the Peruvian 
‘coastal valleys, and the relatively open terrain of northern Mesopotamia, the Indus 
Valley, and the Chinese Yellow River, that boundaries and gradients in geography 
and climate, n space and time, form the essential rot condition of circumscription 
that shape the timing of the pristine emerpence ofthe state. Open, reasonably 
bountiful regions without sharp environmental boundaries between high and low 
Potential for net primary productivity were not the places where states fist formed, 
unless these boundaries moved through time inthe form of sharp and abrupt, but 
temporary climate reversals 1#* 


“Such an abrupt reversal strickthe southern Mesopotamian alsvium, and the 
‘entire world, suddenly and sharply as the fourth millennium cooling event came 
toaclote. Between 3200 and 2800 BC, the North Atlantic Oscillation sete into 
negative mode while ENSO storms and droughts bean to develop. The Indian 
‘monsoon weakened and retreated further south. A burst of co, dry weather at 3200 
BC registered in the high mountains round the wold from the Alps to Kilimanjaro 
tothe Andes, asthe waning of the South Atlantic monsoon finally completed the 
transition toa desert Sahar: the Nile, the Dead Sea nd the Tigrt-Euphates all snk 
to catastrophcally low levels? This was the final transition tothe Late Holocene, 
«global regime of colder, drier climate that woul follow a pute ofits own. And in 
‘this context certain societies around the world eaddenly changed shape and scale, 
‘urchin through ths criss intomew forms, from the coasts of Peru tothe Nie valley 
and the southern reaches of Mesopotamia (see Figure IL3). 

Here the collapse of the Urukaround 3100 BC, during s century or so of intense 
drought, was marked bya sudden end tothe fr-ung connections ofthecities 
‘with hinterlands and peripheral regions by interruptions in writing systems 


sand accounting practices Inthe grat city of Uruk tse, the temple complex was 
“destroyed and rebuilt. As they recovered, urban centers actually grew, flooded 
‘with refugees fom the countryside, fleeing “invasions and socal uphenvals” and 
‘with peoples settling in the alluvium from outlying region, pethaps driven by 
‘drought.129 After perhaps 200 years of disintegration and recovery, the outlines 
‘ofthe new order, the Early Dynasties of Ur, began to emenge around 2900 BC. The 
priestly managers ofthe great temples began to share authority with new actors. 
‘War leaders peshaps elect by councils in times of eriss gradually assumed 
political powers and monarchical legitimacy that they passed onto their offspring: 
they reside in new great places-the fist court places. Relies and monumental 
sculptures, absent inthe Uruk, began to record and glorify dynasticnames and deeds, 
‘Throughout society the emergence of ranked burial ritual marked the weakening of 
temple authority and the rise of new socal hierarchies. By 2400 BC, kings absorbed 
the temples’ property holding and declared themselves divine 225 

‘twas such a warror-king ~or series of warror-kings- who inspired the Sumerian 
Epicof Gilgamesh, one ofthe great texts preserved inthe Babylonian tradition. He 
ls described as hero offspring of Uruk... mighty oodwall, protector of his troops, 

restorer of oly places thatthe deluge has destroyed, founder of ites for teeming 
peoples." Gligamesh dis bate withthe minions ofthe god El, who assalled men 
with calamity upon calamity flood, drought, and disease Enlil ought to defend 
great cedar forest in the mountains with the monster Humbabs, whose ery s 
theroar ofa deluge his maw is fir, hisbreath is death” Killing the monster and. 
chopping down the cedar forest, Gilgamesh made a great dor “xx times twelve 
‘cubits high forthe temple at Nippur. Next Gilgamesh i battle with the ‘Bul of 
Heaven," which came down aa drought upon Uruk “it dred up the groves, rendbeds, 
and marshes, it went down tothe rver, and lowered the river by seven cubits "122 

‘Here then, in one of the oldest texts surviving inthe human tradition, we have 
articulated the great paradox of the human condition: the struggle between, 
humanity andthe nature from whence tame. Nature strikes in terrible calamity; 
humanity strikes back to transform natural bounty intothe material structures of 
_reat, walle cites. For hundreds of millennia nature had the advantage inthe Court 
[esters hard hand of environmental change, driving cyclesof crisis mortality, and 
ven localextinctions. Here, tthe dawn of cvization, humanity wae arerting 
Itself but ints understanding of divine natural power, devastating disease war 
associated with flood and drought_At this point as people were fst experiencing 
the devastation of epidemics, it is usefulto review what tte wenow know—or can 
conjecture-about the evolving condition of human demography and human health 
‘between the end ofthe Paleolithic andthe rise ofthe tate From this foundation will, 
flow much of the analysis in the second half of thisbook. 
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5 Human Well-Being from the Paleolithic 
to the Rise of the State 


‘What then of human welfare? How di humane fre during the millennia between 
‘theend of the Pleistocene, and the clos of great eons of «hunter-gatherer existence, 
and the rise of civilizations during the Mid-Holocene transition? And, in particular, 
how did the transition to agriculture affect human fortunes? Hare we need to start 
with human numbers and human heath the fundamental measures of tbe human 
condition in historical time. Working out this demographic history of ancient 
peoples from archaeological remains is no easy matter, and the labors of numerous 
scholars have stabished only the outlines of working hypotheses. This chapter 
explores these hypotheses and proposes tentative synthesis! 


Human Health in the Paleolithic 


‘The rt part ofthis story must necessarily be sketched only lightly. The conditions 
of health during the Paleolithic, and indeed back tothe roots ofthe penus Homo, are 
the subject of considerable speculation, based on sim but improving archaeological 
and genetic information 

‘Very broadly speaking, the health of proto-human and early human populations 
was shaped by their ecological circumstances. As climate began to swing toward 
widening extremes from the late Pulocene into the Pleistocene, small, slated bands 
‘ofopportunistic primate foragers and predators were pushed frm tropical forest 
‘vironments toward increasingly dry sunnah praslands. These conditions 
‘contributed nat only to changes in their ie, but to their exporureto dicen, Contact 
with hunted animals or hand grubbed soils would have exposed early humansto 
‘tious viral and bacterial infections and insect and worm parasites, usta they 
would have any other similar animal species. Perhaps bth their ow population 
‘densities and their trajectory into dry savannah grasslands would have reduced the 
‘cumulative impact ofthis disease exposure But spread thinly across belts of open 
territory in Africa and across Eurasiaealy humans would have been continuously 
‘exposed to small, sharp, local surgesof disease that would have decimated the peoples 
of isreteteritories before they burned out Sleeping sickness and tapewormsare 
among the aflctions now thought to date fom earliest human origins Sleeping 
sicknesses of different virulence are caused by various species of trypanosomes 
‘carted by tsetse ies from cattle and wild ungulate herds; native to eastern Afric, 
‘Th gambienceis found inthe forest west ofthe Bit Valley, while the more dangerous 


‘Th thodesiensee endemic to the savannahstothe east. Ae cuctrolopitheinesand 
eszly Homo maved out into the open sxvannah they mighthave been protected briefly 
‘by umbiense immunities, but thatthe more deadly rhodesiense would have taken a 
serious toll on small bands, restraining the growth of population and literally diving 
‘evolving humans “out of Africa" Tapewormsare traditionally seen asa diseate of 
“domestication, passed from domesticated animals to humane during the Neolithic. 
‘This understanding has been overturned by genetic studies, which find adeep 
‘commonality between human tapeworms and those of Afrcan hyenas and bg cts: 
ons and cheetahs Hereit appears that humans began to share tapeworms with these 
‘camivores as Homo began to compete with hyenas to scavenge the remains of ils 
brought down by the cats. The irony i that it sems that humans passed the 
tapeworm back to unimals when they domesticated the animals during the 
‘Neolithic It also appears that human tuberculosis was transferred fom animals in 
East Africa wll before domestication - withthe earliest evidence consisting of 
lesions on  500,000-year-old Homo eects skeleton. TB would certainly have 
Intensified during the Neolithic, but itnow isranked among a growing group of 
confirmed Paleolithic diseases > 


‘Human migration also shaped early human physiology and its integral role in 
human health. While Australopthecines and early Homo species were probably 
hairy and pale skinned, the aggressive savannah adaptation of Homo eects 
‘oughly amilion and a half years ago lily launched the transition toward relative 
halressnes, as body hair would have contributed to overheating ina fast-moving, 
wide-ranging species, The second effect this transition would have been to select 
for dak skin that would protect against damage rom ultracet solar radiation, to 
sweat plands and tothe regulation of folate, a nutrient essential to reproduction.® 
‘The thinning of body har would have reduced the primate practice of mutual 
_rrooming, which would have decreased the amount of infected Body lice pated 
between individuals. Is possible that ving on dry savannah lands would have 
mite exposure to mosquito-borne malaria. The Middle Stone Age geographic 
‘expansions in topical Africa that arenow recognized as marking the emergence of 
anatomically modem humans around 100,000ytp may have reexpoted populations 
tomalaiaan argument suggested bythe spread of a mutation called “Duffy 
negativity” which conveyed resistance to vivax malaria, This protection only 
extended to modern humans who remained in sub-Saharan Afric, indicating that 
It developed after the fist Aftican modern human divisions. These Middle Stone 
‘Age expansions arealso congruent with recent estimates of East Afican origins and. 
spread of leprosy with the out of Afica diaspora 

Upper Paleolithic peoples of tropical African genetic origins who populated 

the rest ofthe globe after 65 000ybp were exposed tn other stresses. Early Upper 
Palealithic peoples in Europe were particulary tall apparently an expression of 
‘both tropical origins an better-quality food during an interglacial By the depths of 
the Late Glaca Maximum, these peoples had shrunkin stature and were suffering 


larger numbers of stress lesions on their teeth and bones Skin color also may 
‘have changed. Dark-skinned tropical peoples moving north and then encountering 
_slacations would have had significant diiculties synthesizing vitamin D fom 
‘reduced northern solar radiation, 2 problem that would have been particularly acute 
‘during glacial epochs. Thus geneticists have argued that moder racial distinctions 
‘of skin color are the result ofthe progressive fading of skin color among populations 
spreading into the north, a process that would have accelerate in the tiny refuge 
populations surviving the Late Glacial Maximum. Vitamin D deficiencies cause 
rickats, crippling deformity in the pelvis and long bones. A diferent mutation 
«conferring an enhanced biological ability to accumulate iron and thus avold 

Iton deficiencies developed in Europe atthe end ofthe Pleistocene, and is now 
‘concentrated in parts ofthe northern hemisphere.” A det ich in fish and marine 
‘mammal, a good source of vitamin D, may have contributed tothe persistence of 
‘darker akin by essentially Mesolithic peoples ofthe farthest north, around the Arctic 
circle! 


‘The Neolithic Demographic Transition 


“These were the basi conditions of health that set the stage forthe demogrape 
‘explosions associated with the agricultural revolution. The scale of demographic 
changes ready evident ina very bold estimate of total human population across the 
Holocene (Table 1.1) (For deta, ee Table 2a) 

‘Clearly, naw figures, humanity has been very successful duringthe Holocene, 
‘multiplying its Early Holocene population by a factor of thirty-six during thefst 
9,000 years and then by a factor of twenty-seven during the past 2,000 years. But 
equally clay that “succes” the growth of numbers is masively weighted to 
the past 500 years, and indeed tothe past 60 years, during which global population 
has almost tripled. By contrast, population can be estimated tohave grown at an 
{infinitesimal annual rate of 03 percent per year during the long Neoithic running 
‘down to 3000 BC, when annual growth rats increased to a broad ancient-medieval 
lateau of something ik 07 percent. Ancient-medieval growth wasinturnless than 
a tenth ofthe total early modern-modern growth since AD 1500. And if Neolithic 
population growth was slow, perhaps almost continuous with ates during the 
Paleolithic andthe Mesolithic it suggests that agriculture ints earliest forms was 
not revolutionary transformation but stop-gap measure, as small populations 
struggled to adjust to changing ecologies 

‘This is obviously a very rough estimate, and it leaves unaddressed the timingand 
the geography ofthis growth Where, when, and how did population grow over these 
millennia? “Whereis probably the easist question fr which o suggest an answer. 
“Theestimates ofthe distribution of population at the eight ofthe ancient world 
‘oughly the year AD 1), suggest that more than 80 percent ofthehuman population, 


‘pehaps 200 mallion people, was concentrate in the belt of Old World civilizations 
‘and cultures running fom Europe and North Africa into Southwest Asia, India, and 
‘China, region comprising (generously) 25 percent of the inhabited surface of the 
earth! 

‘Thus the great weight of population was concentrated arcund the generally 

sry low-tn-mid north latitude Old Wrld centers of domestication from which 
sgricultural packages of cereals, animals, and intensified agriculture ha dispersed 
‘nto neighboring regions. Conversely population densities wee far lower in the 
tropical, temperate or polar repions where human communities continued to follow 
{foraging or horticultural subsistence patterns Obviously the sequence of population 
‘growth in these highly populated Old World regions is of particular importance. 

‘The "when and “how” of these questions of Neolithic population growth are 
‘much more complicated. Buti the evidences slim, the problem isbeing cracked, 
Accounting for population growth, ofcourse, clasially means accounting for the 
addition tound subtraction from human mumber, births and deaths, fertility and 
‘mortality Over the past fifty years, demographers have worked out the changing 
‘dynamic of fertility and mortality forthe recent ‘modern demographic transition” 
which over the past $00 years has driven fourteen fold increase in human 
population, from under 500 malign t 7 billon. tn ts most simple form, the moder 
‘demographic transition isa story of mortality dectine followed by fertility decline, 
Premodern agrarian societies are understood to have had high birth rates and 
‘death rate, each more or less balancing each other out, producing aslowiy growing 
population. nthe modern demographlc transition, mortality flirt, allowing high 
‘birth rates to drive enormous population increases before fertility was restrained, 
leading toa new balance offow bith and death rates and low population growth." 


‘Asthia model was being confirmed forthe recent pat, matching and now muuch 
‘debated madel was developed fora demographic transition from the Palelithicto 
the Neolithic. Here ina framework that modeled the Upper Paleolithic atthe fist 
affluent society -the early assumption was that migratory Paleolithic peoples had. 
‘oth lov eves of mortality and fertility, and that they ef-consciously restricted 
{helt fertility to maintain alow level of population growth. Then, with domestication 
and the agricultural revolution, according to this account, fertility rose as foraging 
‘bands settled into agricultural villages, where women - relieved ofthe strestes of 
‘migration - had shorter birth intervals and thus more children, children who could 
‘be put to workin the routines of village life. Thus by this model population would 
‘have grow rapidly until this high fertity was balanced out by an equivalent 
Increase in mortality with the onset of epidemics and routine disease caused by high 
‘population densities. This new high fertlity-high mortality regime would have 
settled in with the emergence of cities and erly state, and endured down tothe 
‘modern demographic transition ** 


‘Though ts not without its supporters, several considerstions have challenged 
‘this lasic modelofa fertity-driven Neolithic demographic transition Increasingly, 
‘there are questions about the ability of Palelithic population to keep their birth 
‘ates in check, and that under the right conditions they too experience relatively 
high ates of fertility and infant mortality Such conditions would include the 
‘expansion during beneficent interglacial times of modern humans into new 
territories lightly populated by Neanderthals or other archaic humans. 


[Paleolithic populations could expand quickly, they also could collapse quickly. 
Such isthe position ofa group of archaeological demographers who argue that 

ny increases n population uring the early Neolithic were caused primarily 
bbyreductions inthe frequency and scale of crisis mortality. In this model, the 
redictabitity of controled fod production, however mach it might have narrowed the 
‘ange of nutrients, and the storage of food ~ whether grains in special structures or 
Inthe protein on the hoot embodied in domesticated animals buffered the impact 
‘of subsistence crises. This nutritional predictability allowed individuals, families, 
sand communities to survive through longer periods of time, in particular through 
‘droughts or other environmental adversity. A the frequency of mortality crises 
waned, greater numbers survived, especially some ofthe most vulnerable the very 
_youngand the veryold!® 

‘This risks mortality thesis hasan insbdtous corollary in the survival benefits 
‘of socal hlerarchy. In this argument the egalitarian structure and ethos of band 
ka communities, in which food was shared equally, exacerbated crit mortality: 
In times of bounty all shared equally, and when the fod ran out all ied equally. 
Conversely ax property distinctions began to segment communities into wealthier 
1nd poorer households, crisis mortality killed the poor while the better off survived. 
‘Thererult would bean ongoing culling ofthe poor, in both fertility and mortality. 
Studies of family demography in recent centuries may have some application in 
‘he ancient pat, with implications of epigenetic influences lexptrogeig through 
_senerations via subtle alterations in the biochemistry that regulates the genetic 
code, Studies of eatty modern demography have shown that higher-statu families 
had higher fertility, better childhood survival, and larger completed families. The 
‘poor had fewer opportunities to marry, and fewer children when they did. And when 
{amine struck, the poor not only died disproportionately, but reproduction among 
the poor was reduced, for decades. Thusin eighteenth-century inland poor children 
‘who survived famines ad fewer offspring than di either the more wealthy or the 
oar who did not endure childhood famines Evidence from Sweden, Holland, and 
‘inland in the nineteenth century and during World War I famines indicates that 
the stresses of poverty and malnutrition havea host of health impacts that can 
‘be passed from generation to generation, long reaching in uence shaped by the 
blochemistry regulating the genetic code Thus deprivation had cascading impact 
on the health of generations of the poorin times past. Mast fundamentally, however, 


‘the weight of poverty drove diminishing numbers ona series of fronts, while 
property brought a modicum of security and continuity.” 


Civilizational Stresses in the Neolithic 


‘There isa rising consensus that the Neolithic was not period of happy, healthy 
people, but one of severe health stress and morbidity, a species long adapted 
to hunting and gathering suddenly settled down and developed an agricultural 
‘economy. The impact of warmer, weter climates, new diets, new routines of 
‘Work, and new population densities between the Paleolithic and the Neolithic all 
‘contributed toa primal “epidemiological transition,” a decline in health thats beng 
described as “iilization stress" 

‘Studies of Neolithic skeletal remains from around the world indicate the 

‘ew stresvesthat human populations were undergoing. Adult human stature 
sun accepted proxy for general health, an indicator in particular of childhood 
‘malnutrition, disease, and excessive work !¥ Where statistics are avaiable eight 
rove ane fell wit climate among hunter gatherers, but then fell decisively with 
thetur tothe Neolithic Upper Paleolithic peoples in Europe were particulary tal 
‘men around 5'9"(176em) and women around 5'5"(164cm) Mesolithic people may 
have been about three quarters ofan inch (2em) shorter in general, and Neolithic 
populations another inch toan inch and a quarter (3-4 cm) shorter stil (ee Figure 
116), Almost uniformly, Neolithic populations show a higher frequency af tooth 
‘decay ~ dental caries ~ cause by the acidic destrction of tooth enamel by the 
sugars in the carbohydrates that made up such alarge fraction ofthe agricultural 
‘ot. Malnutrition becomes more frequent in Necithc skeletons, with indicators 
Including stresstines on teeth (dental hypoplasia), iron-deficiency anemia (protic 
bhyperstoss), and reduced bone mass: the evidence comes from the Levant, the 
Persian Gul, India, Southeast Asa, China, Peru, the North American Atlantic coast, 
and Europe. New work routines - women grinding grain, men working with heavy 
‘tools—left distinct and severe signatures on Neolithic seletonsa wellas frequent 
Indications of generative joint disease: osteoarthritis *° 

‘Acritical source cf the generalized stress revealed inthis racent workin 
aleobiology was an intensifying level of diseases, some new, some established 
but transformed by the ecology of Neolithic settlement. host of zoonotic diseases 
sither spread from newly domesticated animals into human populations during the 
Neolithic, of intensified as human and animal densities increased, with devastating 
impacts and long lasting syrbioses. Generally, f irect and immediate transfer 
‘rom animal hosts at domestication isnot quite so obvious now, tis cla that the 
new densities and ecologies of villages and cites provided anew platform forthe 
transmission and intensification of diseases of animal origins? Evolving over 
thousands of years inthe increasingly dense Neolithic and Bronze Age settements, a 


‘llages morphed int ites, these animal-transmitted zoonotic diseases would have 
‘oscillate in their impact, from epidemics devastating “virgin slF populations to 
‘endemic loads of misery burdening a humanity growingin numbers and developing 
‘various natural resistances and tolerances, 

Pertussis whooping cough ~may gobsck o the Paleolithic past, but several 
strains are clearly linked to sheep and pigs. Chicken pox and infuenza are 
particulary associated with pigs and poultry. Measles has traditionally been seen 
1s deriving from dog distemper, but modern genetic studies inkit with eatle 
rinderpestit probably didnot become endemic until the rise of urban populations. 
Genetic studies suggest that while malaria was an endemic background disease 
‘during the Upper Paleolithic, isributed globally by the modern human expansion 
‘ut of Africa, itexpanded and evaved into the more virulent Faumodium falciparum 
form inthe new warm, wet ecologies of the early Holocene, apparent spread by 
the disturbances caused by early slash-and-burn agriculture, most importantly the 
‘cultivation of yams in tropical West Africa. This intensified malaria was met by a 
human genetic response, the sickle-cell trait that alternatively protects it bearers 
from malaria or subjects them to devastating scke-cell anemia. If tapeworms 
similarly hada Paleolithic origin, domestication pasved them to domesticated 
animals, establishing a new transmission vector. The beginnings of rigated 
agriculture in Mesopotamia, Egypt, nd China would have bun the cyicl 
tranamission of schistosomatic parasites between malls and humans as farmers 
waded barefoot through Held waters continuously reinfected by uma “ight 
{ofl Tuberculots also had clear Paleolithic origins, and was present in Pre-ottery 
Neolithic villages in the Levant. But with leprosy ~TB apparently didnot become 
biologically endemic unt the rise the city during the Uruk and Dynastic periods: 
nallele conveying some protection against both diseases dates from urbanization, 
not cate domestication 2 And finaly, smallpox has been traditionally associated 
‘with cattle and cowpor, but genetic studies now demonstrate that smallpox has 
‘clove common ancestor with camelpox in various rodent diseases. The new 
understanding then ie tha humane and camels woul have developed thelr spaces: 
specific poxes" at roughly the same time from a common rodent origin. Camels and 
Atromedaries were domesticated in southern Arabia, Somali and Turkmenistan 
somatime a the end of the increasingly arid Mid- Holocene, andit was the new cities 
ofthe erty Bronze Age that were frst struck by smallpox epidemics "© 

‘The uneven spread of agricultural practices inthe Neolithic and ensuing epochs 
left a mosaic of tolerances and intalerances to domesticated foode among modern 
‘Populations. These include varying tolerances to alcohol and gluten infolerances— 
‘so-called celiac disease that are particularly concentrated in Ireland, where wheat 
agriculture was extremely late in developing" Migrating Neolithic peoples had 
‘exposures to animal influence of diferent kind. The atiest consumption of 
‘milkin the grester Mediterranean has now been located near the Sea.of Marmarain 
‘northwest Turkey, arund 6500-5500 BC-Most member of humanity including 


East Asians, Native Americans, and most Africans, re lactose intolerant, meaning 
‘that they cannot digest fresh cow milk after roughly the age oftwo, having not 
‘had along or particularly close exposureto cattle Three groups have recently been 
\dentifiedas having ganetic bass for adult lactose tolerance Each of these derives 
from smal groups of migratory peoples, herding cattle away frm the Middle East, 
‘mong whom the capacity of adults to digest milk was of great survival value In 
‘Atsica these include the Berbers of the Atlas Mountains and east Afrcansin parts of 
Kenya and Tanzania, who would have migrated west and south from the Upper Nile 
region a roughly 5000 BC and after 3000 BC In Europe, adult lactose tolerance 
strongly focused onthe north German plain, in aregion occupied by the Neolithic 
{BK Lineas-Band Ceramic and then the TRB “Funnel Beaker” peoples, but broadly 
‘iffused across northern Europe and the Eurasian plains *” In each ofthese cases, 
ult lactose tolerance would have spread rapid through the genetic bottlenecks 
‘of small migrating groups, one of weveral examples of very recent human evolution 
‘vealed by the mapping ofthe human genome. More generally, hidden from our 
View are the immediate consequences fr ancient peoples ofthe impact of dietary 
‘lungs atthe opening ofthe Neolithic. Long-term genetic change would have been 
‘the result of short-term sufering for individuals whose bodily constitutions could 
‘ot tolerate the wider shift vay from a diet rich in proteins toward amore pant: 
bed and sometimes datry-based diet filled with unfair toxina?* 


Fertility and Mortality in the Neolithic 
oth palepathology and the emerging evconary story of sas nugget 
thatthe Not wa thas the pt at which aevzational tes” mounted 
Ante human condition. Tis thesis mate of considerable debate nd 
controversy, There the unseting eof determining the actus meaningof 
lesions nd inrmitles found on achaesogal sales In what ha been labeled, 
the ovteoage! parade, thas ben argued that evidence of por heath inscribed 
instaleta bone may actully sugst that the feted individuals wereliving 

long enough toler these manifestation of dient, rather than ying more 
quickly. Thus the appearance of these lesions would suggest a healthier population 
on average ** This paradox of the meaning of the bones is only one of many 
“contradictory pieces ofthe complex purl of how we unravel the way populations 
changed ad grew in the Early to Mid Holocene andthe practices of ortcuure 
andthena more intensified agrcuture tok old The postions that havea ott 
soar sng fer, sing marbuty, waning crisis mortality, andthe osteclogial 
rad, ae no al in mutual contradiction Very broadly, they can be vided into 
‘hwo camp: Theeritiqe of the paleopathologists articulated inthe ostenogial 
parade a central premise of the choo that sees improving food production and 
technlogysupprestng rss mortality. And, onthe ster hand imortality was 
sing, the plaopthologstshave sn lyin the ferity model because iclearthat 


‘eventually population did rise and moredeath would have tobe offset by much more 
birth, 


‘The classical fertility model is thus being revived, nd its revival i rooted in the 
‘debates about the meaning of ol bones, excavated from hundreds of sites over the 
pst century. One issue involved the apparently shorter life spans, estimated 3s 
‘mean age at death, for Neolithic compared to Paleolithic excavated skeletons. After 
some debate paleo demographers agreed thatthe average age of death of recovered 
seletons was problematic figure, obscuring the difference between growing 
populations with igh fertility ates, nd declining populations with ow fertility rates. 
Assuming a general uniformity in medical practice acros the entire premodern 
‘epoch, growing populations with many infants and children ~abroad base tothe 
ge pyramid - would havea high proportion of infant and child deaths and thus 8 
lower average age at death declining population with alow birth rate would have 
fewer children, and thas a higher average age at death. Counterintutively, then, the 
population withthe lower average age at death might have been a healthier, more 
"rapidly growing population ?° 

‘This resolution tothis debate has given the classical etity model anew 
Impetus. Exploiting this new understanding that growing premodern populations 
with high fertiity left a dsproportionaely high number of childrei skeletons 
Inthe archaeological record archaeological emographer Jean Perre Bocquet- 
Appel has colsted large samples of estimated ages at death fr skeletons from 
lange series of excavated cemeteries from Neolithic Europe and Archate-Woodland 
[North America”! Because the skaletons of infants and small children are poorly 
preserved in the archaeological recor, he restricted his sample to skeletons with 
‘estimated ages at death of five year and older, and constructed a simple *‘Nelitic 
Demographic Transition” (NDT) ratio ofS to 19)/(allover$):all sub-adults ying 
‘between the ages of ve and nineteen ata proportion of alndividuals dying ator 
‘over the age of five. A ratio of 16.18 seems to be equivalent to "zero populatin- 
_owth,' aati of «26-28 may be atypical premodern replacement plus ate, 
Wwillea ratio in the 40sor 50s would result in rapid growth and vlages overrun. 
with children.» Dating these sites from putative points of agricultural origins, he 
argues thatthe sequence of derive (5-19)/(S+) ratios reveals “the signalof amajor 
demographic change characteried by a relatively abrupt increase inthe proportion 
‘of tmmature sleletons” between the Mesolithic and the Neolithic. This work eer 
to demonstrate that -ifwe set aside the possibilty of large drop in adult deaths — 
the Neolithic saw a significant rsein fertity, and perhaps a 600-800-year period of 
‘Population growth, sometime soon after the adoption of agriculture It also suggests 
2 decinein fertility ast before the adoption of agriculture suggesting resource stress 
among ate Mesolithic hunter-gatherer. 

‘when BocguetAppals heroic intervention was tested in papers covering contexts 
from around the world, however, a series of caveats and qualifications beganto 


emerge" The NDT signa” has been confirmed in a number of settings, and 
augmented by relatively straightforwand counts af sites by archaeological period and 
radiocarbon dates. There clearly was a moment of fertility expansion and population 
_owth, but the problem of when that moment occurred has reemerged, Recent work 
‘distinguishes between the hearth and dispersal anes of agriculture: adoption isnot 
‘the same thing as invention. Most of Bocquet-Appefs European Neolithic ites are 
less than 5,500 years old, and mast of his North American sites aeless than 1000 
_yeasold, and they contain evidence fr peoples adopting agricultural practices 
‘developed earlier elsewhere (se Table IL2). By contrast, Old World domestication 
‘ates to 9500-8000 BC and New World domestication in Mesoamerica to S000 
4000 BC. Thus while Bocquet-Appels ist analyses certainly suggest that fertility 
‘id increase substantially with the adoption of agriculture intemperate Europe and 
North America, his data does not necessarily tellus anything about the demographic 
‘consequences ofthe origins of agriculture in Southwest Asia, China or the 
Americas. A major direction in current thinking ts now positing slow demographic 
‘transitions n zones of agricultural origin and fst transitions in zones of agricultural 
lifusion ** 


Another body of data on fertity coming from the demography of quantified 
“premodern populations, supports the model of slow and fasttransitions.* Looking 
‘mortly at various historical and recent Old World societies, theve studies ask whether 
fertty rates difer among foraging societies, horticultural societies, and intensive 
tgricultualrocieties Horticultu, t shouldbe remembered, valves limited 
fardening form of production, usually pursued by women while men continue 
hunting intensive agriculture involves total commitment to agrarian systems, 
Inthe Old Word involving the ws of animal power, a fundamental part of Andrew 
‘Sherratt's "Secondary Products Revolution” The reult is quite striking: foraging and 
horticultural socetes have quite similar fertility rates, while agricultural societies 
have somewhat higher fertility. 


‘Total ferity rates of subsitence groups (the Bentey eal 1999 sample) 


Mean Fertityrate ¥ 
Foragers 56 2 
Hoeicattraiats 54 “ 
Apricaturtits 66 a 


Totalsample 6 s7 


‘Summarising these studies, ames Boone argues that garden horticultural 
subsistence requires considerable female labor, reducing the time and energy 
women have to give to reproduction and child rearing while men hunt and engage 
‘nvitual and warfare In intensive agriculture, men perform more usefullabor, 
Including firewood collection. Salived of the most stressful outdoor labor and with 
an Increasingly predictable carbobydrate-rich diet, women would have reduced 
Intervals between childbirth, the primary vehil of increased fertility ?* 

‘One could ofcourse, construct a variety of scenarios from these models and 
the evidence under debate, The Bocquet-Appel model i of increasing stress and 
population decline during the Mesolithic (perhaps in some cases driven by the cold 
‘imates ofthe Younger Dryas) followed bythe adoption of agriculture and a burst 
‘of fertity and population growth. The paleopathologists would add the caveat that 
‘this fertility would have to overcome the signs of increased stress and morbidity, 
Indeed there i room for afertity-mortality standoff postion during much ofthe 
Neolithic: The criss mortality school would certainly orate sucha standof, 
ding the mtipalation that the gradual accumulations of aman innovation, the 
‘manifestations of Sherratt’ “wecondary production revolution” would have lid the 
foundations fora fertility signal, and fr rapid population growth coming latin 
the transition to agriculture, Along the way one might envision perhaps two dense 
‘expansions: slow development ofa Neolithic village seas regime, and then an 
‘explosive emergence of an urban epidemic regime with the rive of Chalealithicand 
Bronze Age cities. And here we could also post posibe “epidemiological optimums” 
‘coming during the intervals between the establishment of new soca ecologies and 
the emergence of consequent new disease ecslogy 


‘Seenarios remain ust that until they aetested. The page following explore the 
‘dynamic of agricultural and demographic transition n Southwest Asia in some 
‘etal, and then review such evidence ais availabe forthe rest of the world 


Fertility, Mortality, and the Origins of Complex 
Societies: The Case of Southwest Asia 


{Looking at the transitions in Southwest Asia, we may start witha generalized picture 
of Palecithic demography, rounded less in evidence than in current archaeological 
thinking. Upper Paleolithic people, spread relatively thinly on the hunting 
territories, were slated from communicable disease and survived by extremely 
strenuous activity. [they survived to adulthood they were quite tll robust, and 
healthy; they frequently ded by violence, accident, o infection There wat no 
‘effective conscious effort to restrain fertility but fertity was indeed reduced fom, 
its natura potential by theeffecs ofthe arduous routines of camplifeand seasonal 
‘movement on womens reproductive systems Infant mortality might havebeen 
quit high Individual survival was protected bythe ancient ethic of sharing within 


‘the Palelithicband. And at regular intervals subsistence crises and occasional 
‘outbreaks of animal-vector disease devastated thesebands as isolates or across 
‘certain regions >” From this Paesithic baseline let us fllow the evidence, such 
sit is,among the settled Natufian foragers, the vaious phases ofthe Pre-Pottery 
‘Neolithic communities ofthe Levant, the Late Neolithic and Chalcolithicvlages of 
‘Mesopotamia, andthe complex transition tothe eset cites and state(se Table 
na), 


‘Compared with the Upper Palclthic people tthe Ohal site (21,000 BC), 
‘the Early Natuflans were somewhat shorter, suggesting the effects of territorial 
‘crowding. But despite their close quarters in semipermanent settlements of 
pithouses, the Early Natufians were healthier than they would become inthe 

{Late Natufan when the Younger Dryas again brought cold gacil-infuenced 
conditions tothe Levant, and the Late Natuflans reverted to the nomad foraging 
‘ofthe Paleolithic. And as measured by Bocquet-Appels NDT age 5-19/5+ ratio, the 
secentary Early Natuflans had somewhat higher fertility than di the more nomadic 
{Late Natuians ofthe Younger Dryas. Late Natufian alt males were somewhat 
shorter than thei Early Natufian counterparts * Thus it would seem that fertility 
was higher inthe more settled Early Natuflan, and life was harder on Late Natufian 
boys and men during the cold, dry conditions ofthe Younger Dryas Some of this 
stress may have been due to vilence, but the lite evidence here bears on the entire 
Natufan, and suggests that theue foraging peopies had to defend thelr territories 
from competitors Their teeth ella similar story Throughout the period, 
"Natufians had high rates of tooth decay (dental caries) and abrasion reflecting the 
Important of stone ground cereals in thelr diet. Again thee are gms of stress nthe 
Late Natufian, where children were more likly tohave lst some of their molars“? 
‘And then thare was the condition ofthe Natufan settlements I appears that Early 
"Natufians setting into permanent villages forthe fs time, had not yet worked 
‘ut sues of garbage disposal and probably sanitation. Compareta the often very 
neat and even wall-swept conditions reflected in the archaeology of ater Neolithic 
villages the archaeology ofthe Natuian settlements indcates that garbage was 
“strewn everywhere, i the pattern of mobile hunter gatherers who are constantly on 
‘hemove. There are thus ral questions about the possibilty of severely unsanitary 
conditions in the Natufan villages“! 


‘Asthe cold Younger Dryas waned, and the Levant region re-warmed during 
the Early Holocene around 9600 BC, Late Natuflans began tosetle ints new 
semipermanent villages, situated on or adjacent to well-watere alluvial fans, and 
‘began to cultivate wild legumes and grasses Aftar 1,000 year, and perhaps a major 
‘iiss, these ‘re-Pottery Neoitic” peoples had domesticated these pants and, by 
1000 BC and the development ofthe Middle Pre-Pottery NeoithicB, they were living 
‘nlarge villages and had begun to add domesticated sheep and goats domesticated 
legumes and cereal grasses. Five hundred years later, with the Late PPNB, they were 
living in much larger villages upto 3,200 people, occupying complex dwellings 


With second-story living areas built over rabbit warren of tiny storage rooms Pigt 
and cattle were domesticate: with an ever advancing dependence on herds rather 

‘han hunting the people began to bury some oftheir dead with sheep and goats as 

ave goods By 6700 BC, inthe Final PPNE, their numbers larly were waning, 5 

‘overexpoitation of resources combined withthe beginnings of the Mid Holocene 

‘limatic transition turned the Levant toa dry and duty country With the mini- 

_lacation of the Laurentne crisis at €200 BC the Pre Pottery Neolithic tradition was 
‘lose to extinguished *® 


‘Such isthe trajectory ofthe ise and fll ofthe Pre Pottery Neolithic cultures over 
3,000 years, one ofthe two earliest contexts of domestication and eary agriculture, 
‘What were the health circumstances of these earliest farming peoples? Certainly 
{hey learned to ive together in large concentrations and to kep their village 
reasonably clean, increasingly painted with huge amounts of lime-based whitewash. 
‘Their populations must have increased toa degre, but thee is considerable 
tgreement thatthe size oftheir settlements reflected as much concentration of 
‘numbers as their overall growth? 

Assuming that Pe Pottery Neolithic populations did grow somewhat, when 
‘dd feulity increase? The records somewhat ambiguous a to where theve rang, 
‘numbers came frome increased fertility or decreased mortality. In 1990, anealy 
study by lal Herahkovitz and Avi Gopher indicated that child burials (0-14 years) 
Increaved from 23 percent in the Natufian to about 32 percent nthe Pre-Pottery 
‘Nelle B. They were particularly emphatic however, that population didnot 
"se rapldly, and was subject to continuing mortabty crsex during the entire PN 
period “sharp fluctuations in population size occurred during this period aa result 
of various factors ruch as drought and epidemics” Such collapees are they argue, 
virtually invite in the archaeological record because they were short in duration 4 
More recently, reviewing the entre Levant record carefully, they canchide tha there 
‘was “no major demographic shift” separating the Natufian and the Pre Pottery 
"Neolithic: they stress thatthe story of population growth inthe Levant Neaithic 
‘was a“bumpy toad" Combining their data with sites covered by the Bocquet-Appel 
team (who also concludes thatthe NOT in the Levant wa a slow, complex process), 
‘he bumps in the road sem to have ben primarily climatic and developmental*® 
(see Table). Fertility was higher inthe Early Natuflan, lower inthe nomadic Late 
"Natufian higher inthe resedentizing PPWA, then lower in the PPNB to about 7500 
1c, as larger villages and animal domestication took hold Evidence for consistently 
higher fertiity only developed in the PNB sites dating after 7500 BC. But atthe 
ret tll at Gata, measures of fertility at Early, Middle, and Latelevels over 
almost 1,000 years af occupation suggest a massive surge of fertility in the Middle 
sccupation, around 6600-6200 BC, with significantly owerrates inthe earlier and. 
laterleveie* 


‘Thepicture in general seems ambiguous, indeed murky, which may indeed be 
‘thenature ofthe situation. The Pre Pottery Neolithic was along prot-agricultural 
‘experiment evolving from Natufian hunter gatherer traditions. Theevidence 

fom teeth surviving in burials provides as much evidence for continuities in diet 
between the Ntuflans andthe Pre Pottery peoples asit does ofchange *” The Pre- 
Pottery Neolithic pu increasing efforts into the subsistence predictability offered by 
‘domesticated plants, herds of sheep and goats and storage, but despite these efforts 
‘these peopl were probably subject to mortality crises that periodically slashed thelr 
‘numbers On the other hand, fertility could surge to extremely high ratesin the 
rowing PPND great towns. 

‘tert did not rise consistently before 7500 BCit may be forthe stme reasons 
that James Boone and others have suggested about horticultural societies. The 
re-ottery Nelithic subsistence was a stable and enduring form of horticulture, 
In which women probably played key role in working the fields while the men 
‘continue to hunt while the me survive, and then turned increasingly to herding 
‘Men also must have ben the central players inthe communal rituals manifested 
Inthe decorated skull cult that left such a mark inthe archaeology ofthe FPN 
sites. Ithas been suggested that this increasingly elaborated ritual wat a vehicle of 
‘community cohesion that reinforced an egalitarian social structure effectively a 
‘complex elaboration ofthe Paleolithic and Natufian bands 

Disease patarns were also clearly shifting during the Early Neolithic. t would 
appear that there wasa significant increase in therateof inflammatory and 
Infectious disease -and perhaps malaria between the Natufan and the Pre-Pottery 
"Neolithic but this increase seers to have come late tthe very end of the period 
(One alysis finds a broad oration tn health circumstances: poor nutrition 
explaining poor health in the Late Natufian and PPNA, relatively good heath in 
the Middle PNB, and then declining heath inthe Late PPNB/PPNC coming from 
Infectious disease, including tuberculosis, which has actually been isolated in a PPNC 
‘aleton. The incipient condition forthe transfer and transmutation of zoonotic 
‘sense were established clearly forthe first time withthe eatly domestication of 
‘seep and goats in the Middle PP, but they must have reached critical ma inthe 
Late PNB - when settlement reached into the thousands, when burial of people 
‘with animals are reported in numbers, and when skeletal evidence for infectious 
‘sense begins tobe very signifiant *° 

‘Thus it seems that these ate Pre Pottery Neslthic circumstances saw the fist 
serious impact of emerging zoonotic diseases, probably wiping out entire villages of 
‘un-immunize, “virgin soi” populations before seting into a patter of childhood 
‘and adolescent disease, from which the survivors emerged with immunizing 
“antibodies and even genetic resistance"! These local epidemics were interwoven, 
with the weight of environmental degradation, climate change, and an inflexible 


social structure where allied and died equally, and may have played aroleinthe 
‘decline and collapse ofthe Pre Pottery Neolithic peoples. 

Here sbrupt climate change cannot be emphasized enough. During the centuries 
‘ofthe millennial Siberian High f 6900-6100 BC, culminating inthe 6200 BC 
‘aurentine melt water criss, the climate of the Levant turned increasingly aid, 
‘withthe withdrawal ofthe Indian Ocean and Aftican monsoons, and apparently the 
periodic interruption ofthe increasingly critical Atlantic winter westerlies.Inthe 
‘context of cold, dry winters, nd in pattern that would rxppear again in sever 
subsequent epochs, Neolithic people would have close themselves and thelr animals 
Into the poorly ventilate close quarters ofthe PPNB great owns. The result was 
‘leary a catastrophic ise in infectious disease that contributed tothe collapse ofthe 
Pre-ottery Neolithic cultures ** 

‘Asthe Pre-Pottery Neolithic went into dectine inthe Levant new cultural 
‘configurations began toemerge in northern Mesopotamia, nthe wider Pottery 
"Neolithic, and the ensuing Late Neolithic/Chalcolithic cultures of Hassuna, Samarra, 
ala, and Ubaid, described in some dealin the previous chapter. In contrast 
the huge villages and egalitarian social onder ofthe PPNB, aspects of Late Neolthle 
settlement and sociology stand out as adaptive responses to ecological tres. These 
societies were established acrots a scatter of very smal villages where collective 
traditions ofthe Pe-Rottery Neolithic gave way toa household-ocused sociology, 
Wich by the Hasruna clearly encompassed several enerations, 

‘This new configuration had several advantages over the great PN villages. Fist, 
smal scattered villages would have been much more resistant to epidemics, and 
te ace ely that i was in these contests that some of the early ankmal-vector 
Aiseases were brought under immunclogical control Second, the new primacy of 
household and lineage over community would have led to xocal and economic 
Inequalities. Quite simply, concentrations of wealth paradoxically allowed more 
people to survive subsistence crises Wealthier households accumulated wealth, 
property, and strength in labor, poorer households lipped behind. Wealthier 
‘households produced more surviving children, poor households fewer. The ancient 
collective traditions of sharing rooted in the hunting-gathering band bepanto give 
way tothe family patterns of property. When crisis hit rather than all sharing alike 
ln feast or famine, ach household would fend for itself Those with larger surphuses 
stored within their walls would be more kay to survive It would have been in 
there marginally wealthier households that Andrew Sherratt “secondary products 
‘evolution’ would have started to develop as atruly intensified agriculture began 
‘tmemerge, with cattle used for threshing grain, new plant domesticates adopted, 
and pottery made forthe fist time Mortality crises would certainly not have 
dcappeared, but the intensification of agriculture during the sixth millennium, 
{6000-5000 8C) probably was mor effective than the horticultural economies of the 
re-ottery Neolithic in building defenses against darth ** 


‘Latetwentieth-century geopolitical conditions have meant thatthe skaletal 
‘evidence for this important period and region has not been studied systematically 
But scraps and hints of evidence suggest that twas during these Late Neolithicand 
Chaleoithic cultures that fertility would have risen. Some ofthe evidence restsin 
‘thehuman teeth found in thetell tabu Hureyra in northern Syria. The grinding 
surfaces of molars in Pre-Potery Neolithic skaletons were heavily pitted, apparently 
‘from the abrasion of bits of stone mined with the rain ground on mortars. With the 
‘option of pottery after 6000 BC these abrasions disappear, suggesting that grains 
were now more frequently boiled whole in pots set onthe fire. With this culinary 
‘revolution, observabein other contexts as wel infants couldbe fed something other 
than breast milk, and could be weaned at younger age, meaning that pregnancies 
‘oul begin sooner, and birth intervals shortened. The result was apparent inthe 
burials at abu Hureyra, which was part of «group of sites with significant higher 
(5-10)/(5+) NDT ratios. f we include infants with children tothe age of twelve, the 
‘numbers ofthe very young jumped from about 40 percent of the total recovered 
burials in the Pre-Pottery Neoithicto 65 percent in the Potery Neolithic 


‘The ural evidence from subsequent cultures isso weighted toward children that 
It seems suspect: ites across northern Mesopotamian the Hasna and Samarra 
produced such extremely high proportions of infant and child burials that it would 
appear that adults were mostly buried in cemeteries beyond the villages, nd not yet 
‘excavated -ifthey ever willbe. But one Samarra context, Level ofthesiteof Sawwan 
{2 5800 8¢), may reflect something approximating an entire burial population, 
producing eighty four identifiable burials Of these thirteen were adults, sixteen 
were adolescents, and fifty-five (65.5 percent) were infant. The Sawwan numbers for 
adults and adolescents produce an NDT ratio of 5, similar to both the high-growth 
middle level at PPNB Gata and the Potary Neoitieat abu Hureyra. These 
child burials, we should remember, arenot evidence f extreme infant mortality, 
but of average mortality in villages now teeming with children. Asin the Pottery 
Neolithic at abu Hureyra, improvements in materia life during the Chalclithic 
‘secondary products revolution” may haveafected the birth rate In particular the 
sgnifcant increase in cattle during the Half era (6500-500 BC) may have begun to 
provide milk, yogurt, and cheese adding fats tothe diets ofboth infants and women. 
‘Cow milk would have provided an early weaning food for infants reducing the birth 
Interval for women among whom dairy fats would have affected menstruation and 
‘ovulation cys” Despite the paleademographic orthodoxy that infant mortality, 
‘was stable, one has to wonder whether dairy fats would increase the possibilty of 
shildnood survival as wel, providing a kay driver—besides fertility -to population 
rowth 

‘Thue it would seem thatt was in the networks of scattered villager ofthe 
Pottery Nolthi andthe Chaialithic-more than 3,000 year after the ealest 
‘beginnings of agriculture-that the real Neolithic demographic transition occurred. 
‘Thusit was not the domestication of plants and animals, but the intensification 


‘of agriculture, that allowed the consistent ise infertility that et of significant 
and sustained population growth Ironically epidemic disease may have actually 
receded a dramatic increasein fertility in southwest Asi, the reverse of accepted 
‘understanding. Rather than this Neolithic demographic transition being comprised 
‘ofa single increase in fertility followed by arisen mortality, tis entirely posible 
that small increases infertility competed with pulses of mortality in the various 
stages ofthe Pre-Pottery Neolithic down tothe PPN collapse. Then anew settlement 
‘pattern, a new sociology anda gradual intensification of agriculture and material 
life-the secondary products revolution - allowed fertility to rise consistent above 
‘mortality uring the Pottery Neolithic and the Chalcolithic Hassuna, Samarra, Half, 
and Ubai,thote societies of -as Norman Yoffe has pu t-Temergent properties” 
‘They might even be candidates as some ofthe frst societies to experience ahintof 
‘Smithian economic growth, 


‘Thelabor and milk of cattle thus played a fundamental role in expanding the 
svalable energy resources of «growing population onthe edge ofthe urban 
revolution Cattle may have hada greater, long-range impact on much smaller groups 
‘expanding away from the Middle Eat. Apparently, f modern medical rurveys can be 
‘extrapolated into the distant pas, the peoples of Mesopotamia never developed the 
biological capacity to digest fresh milk as adults Instead they remained relatively 
luctot intolerant, after the universal human tra of milk digestion in infancy wore 
of, and would have consumed makina fermented form, ina form of yogurt. Even if 
children were more likely to survive infancy and particularly the weaning transition, 
their health prospects were not particularly god. Limited evidence from teeth 
‘excavated ata sit tn fae suggests that ~ despite the advances ofthe “secondary 
product evolution” —the Calcolithic peoples, particulary children, were subject 
toelther a poor distor waves of debilitating disease, and probably both * Rising 
‘numbers of domesticated cattle may have played a roe nthe spread of tuberculosis 
Inthe Chalclitic settlements. While current evidence indicates that tuberculosis 
spread from wild animalsto humans during the Paleolithic, the consensus is that it 
Intensified in the growing agricultural towns ofthe fourth millennium one estimate 
lathat the rstepidemic of tuberculosis in Southwest Asia might have occurred 
round 3500 BC, another as we have seen, finds the emergence of TE-resstant alleles 
in Southwest Asia at the opening ofthis urban revelation “© 


‘The archaeology of Southwest Asia provides the most detailed picture that we have 
ofthe Neolithic demographic transition ina hearth of agriculture. The evidence for 
‘Chinas limited to site counts based on intensive surveys but also suggests slow 
‘demographic transition in a“sooe of origin” Surveys of Neolithic sequences from 
‘Soughout China including one of more than 11,000 recorded ster suggest 
marked population increase inthe late Neolithic after 30008 rather than at 
‘putative point of millet or rice domestication inthe erly Neth, around 7000 
Bc. The eatlest pulseaf population growth seems ts have come in the Mizodigou 
Phase the Middle Neolithic Vangshao, between $000 BC and 3500 RC inthe millet- 


_sowing region of Shaanziin North China. Generally, however, Chinese expansion in 
‘the Neolithic dates from the Longshan culture and other Late Neolithic equivalents 
starting between 3500 C and 25008, in tenfold site increase with many 
‘densely populated centers As this population grew rapidly in these incressingly 
sophisticated agrarian vilages and town, sotoo did the evidence for poor health: 
after th ate Neolithic transitionto the Longshan, populations were shorter and 
showed higher skeletal sign of stress, including anemia *= 


‘Then theres the asue of spread zones, regions where agriculture moved after its 
‘origins elsewhere Bocquet-Appel used two such zones, Europe and North Americ, 
to develop his original analysis of the Neolithic demographic transition Here, some 
‘suggest, his results indicate thatthe transition could have come reasonably quickly 
afer the adoption ofthe agricultural package. But even in these locations, the pattern 
seems tobe one ofa slow start and then a sharp rse associated withthe equivalent of 
‘the secondary products revolution” For Europe, Bocquet-Appel measured a datance 
‘ofa site from wave font of agricultural diffusion beginning withthe Linear-Band 
‘Ceram (LBK) and parale cultures, mostly beginning around S500 BC? But ifhis 
‘est ranked bya simple grouping by millennia, different pattern emerges 
(see Tae IL), The Early Neolithic (5-19)/(5) ato between 6000 BC and 5000 BC 
‘ifters only marginally from estimates forthe Mesolithic, but the highest fertility 
rates seem to have come inthe Late Nelithic after 4000 BG nthe mienniuem 
‘when Andrew Sheratt sw the profound and rapid impact ofthe plow and other 
‘elements of «Southwest Asia secondary products complex across Europe ** The 
Mesolithic level of European fertility may have been a shade higher than ero 
population growth; the earliest Neolithic period - dominated bythe LBK village 

nd the midate Neolithic were not much better The Late Neolithic/Ealy Bronze Age 
(2999-2000 8¢) had arati(-.25),not une atleast two medieval and early modern 
tte (-26), suggesting that these were the ratios typical of tow growth in archake 
sociation? 


‘Inthe American Souther, where maize farming wat adopted first around 2000, 
1c, the (5-19)/(S+) ratio suggests a fertty expansion about 1,200 yearslatr,thena 
‘contraction, and finally a second decisive expansion, roughly at AD SOO, at what war 
‘a wider transition toan intensive us of maize, rather than its firt introduction °° 
{In Mexico and the Yucatan, while maize begins to show signs of domestication 
‘round 6000 BC the emergence of large villages. significant maize cultivation, 

and presumably a fertility pulse didnot occur until round 1500 BC inthe Early 
Formative, flowed bya much more dramatic pulse of growth with the rise of states 
‘nd cities around 500 8-*” On the Peruvian coast, the dramatic expansion ofthe Pe 
(Ceramic settlements suggests a fertility pulse after 3000 BC 

Areanalyis of Bocquet-Appels data for eastern North America suggests two 
‘ertlity expansions, not unlike the Levant, Mesoamerica, andthe American 
‘Southwest Roth ofthese fertility expansions lineup with estimates af expanded 


population based onthe frequencies af radiocarbon dates. One spike of high fertility 
(@nanifested i the three sites in the Ohio Valley) seems to be elated tothe fist 
succesful Late Archaic cuvation of local domesticates much as goosefoct or marsh 
elder, sucessfully cultivated from 3000 BC. The Late Archaic is known tohavebeen a 
period of elatvely good climate in North Amercs, and ster and radiocarbon counts 
suggest peak of population. This Late Archaic spikeof fertility and numbers was 
followed by along period of low fertility indices and low population for Early and 
‘Middle Woodland sts throughout eastern North America between SOO BC and AD 
'850. Then the lat arrival of comm cultivation after AD 800 drove pulse of fertlity 
throughout Late Woodland North America at sites dating tobetween AD 85Oand AD 
1300, followed by a decline. Of any ofthe word regions for which we have estimates, 
the impact of com on North American fertility comes the closest othe model of 
an immediate Neolithic fertility transition, but here we might consider its impact 
snalogous tothe recondary products revolution ona population lng involved in tow 
‘rade hortcuture 

‘Allo this evidence strongly suggests that human populations remained very 
‘mall through much ofthe Neolithic, and didnot expand significantly until critical 
transitions toward full-scale agriculture and proto-urbanism.If we use a generalized 
‘Old World sequence the trajectory of health and population might lok something 
We this A standoff of fertity and mortality running dep nto the Paleolithic 
extended into the Mesolithic and early Neolithic, with afew minor osllations and 
perhaps a tendency ofboth rates tose slightly. The Middle Necithic may have seen 
‘slight erty optimur driving the ise of larger villages, followed quickly by 
the fist crsicof the diseases of domestication, intensified by climate downturn. A 
second and more significant fertility optimum arrived inthe Late Neolithic and ealy 
‘metal-using cultures, as intensified agriculture underwrotea significant bubble of 
population growth. There may well have been several hundred year of population 
expansion, which wa the real Neolithic burstof growth. Bu this bubble was 
followed by a second intensification of disease, here perhaps inthe mid-Holocene 
Siberian High, probably expressed in waves of epidemics brewed inthe new ecologies 
of early cities. When these people emerged from this experience they were locked 
Into the lassie demography of the archaic world that ran down to modernity: high 
fertility just barely offsetting ahigh mertalty that varied significantly with powerful 
waves of epidemic disease. 

‘nealty our understanding of the conditions of disease during therise of cities 
and early civilizations is just beginning to gt beyond educsted guesses. Studies of 
‘the origins of disease typically cover the thousands of years between domestication 
and the ris of the city-state ina single paragraph, even a single sentence. In great 
measure this ia reflection of how ite we know. But the outlines ofthe onset of 
‘routine and epidemic disease can be minimally sketched, using Southwest Asia asa 
‘template, 


"int, it was not an “onset” Disease outbreaks had been part ofthe periodic 
‘onslaught of crisis mortality with the Paleolithic, and had as  suggertd earlier 
probably played arolein the collapse ofthe great Pre-Pottery Neolithic tows. 
‘The subsequent dispersal of settlement in Southwest Asia may indeed havebeen& 
‘defensive light from the horor of epidemics. But the trajectory of new evidence 
suggests that human diseases had long and complex histories that began long before 
‘heurban revolution. 

Second, if diseases were old, the conditions for their qualitatively diferent 
‘impact changed fundamentally inthe fifth mallennium BC (5000-4000 BC), 5 
‘erratic climate change shattered the table geography of Ubaid settlement in lower 
‘Mesopotamia. Towns, villages, and entire regions were destroyed by oods and 
‘ravaged by drought. Populations fell precipitously, but also aggregated, as favored 
locations attracted refugees. By the end of the Uruk period at 3200 BC, Mesopotamian 
‘ties could have up to 20,000 inhabitants, while n Egypt the Naqads capital at 
ierakonopolis held perhaps 10,000, It wasn such densities and concentrations 
‘of people that the sporadic village diseases ofthe Neolithic and Chalolithic must 
have transmuted into truly endemic forms. By Willam McNeil classic acount in 
Plagues and Peoples, these densities would have initiated the transition of various 
crows diseases from occasional epidemic to endemic childhood diseases, for thove 
populations for whom exposure led to immunological and genetic defenses. But ak 
Guillermo Alpaze has stressed, these were centers of commerce and empire through 
which commodities and armies flowed to and fom the periphery. 


Concentrations of people in cites and armies would have been susceptibeto new 
‘diseases, suchas rnallpox, sometime after 3000 BC. Urban populations Would be 
susceptible to incoming infections, and their armies would carry with them outgoing 
Infections, shaping what McNell described as dead zones on the edges of empire, a 
urban diseases swept into unprotected marginal peoples”? As was the cas in later 
epochs, the source of population growth would have been in scattered agricultural 
villages where the basic domesticated diseates had been “tamed,” but were 
‘butfored by distance and some minimal isolation from the dret impact of urban 
epidemiology: But realistically we have Virtually no information about these events 
during the fundamentally transitional millennia between the secondary products 
revolution andthe urban revalution, when the worlds frst texts tellus, inthe Epic of 
Cligamesh, of divinely ordained monster whose “roar isof a deluge, his maw is ire, 
his breath is death” 


If we know lite about the conditions of health and well-being in Southwest Asia 
in the 6000 years between domestication and the rise ofthe tate, we know lee 
about the est of the world But considerably moreis known about the past 5,000 
years, as prehistory turned ints history Itisto this epoch that we now turn, or more 
recisely to the epoch ofthe ancient and medieval worlds running from the Mid- 
“Holocene Crisis to the Black Death and the onsetof the Little Ice Age For this 400- 


_year stretch, the bulk of humanity remainad suspended in an enduring condition, in 
an agrarian world perpetually poised onthe brink of criss that might comeat the 
‘hands of diate or disease. 


1 The foundational studies of human health from the Palelithic tothe Neolithic are 
In three collections: Mark Nathan Cohen and George Armelagos, ede, Palepathology 
at the Origins of Agriculture New York, 1984); Mari Nathan Cohen and Gian M.M, 
‘Crane-Kramer, ds, Ancient Health Skeletal Indicators of Agricaltwal and Economic 
Intensification (Gaines, FL, 2007) and Jean-Pierre Bocquet-Appel and Ofer Bar- 
‘Yosef, es, The Neolithic Demographic Transition and Its Consequence (New York, 
2008), Foran essential review ofthe primary evidence, see Clark Spencer Larsen, 
SBioarchaeology: Interpreting Behavior from the Human Skeleton (New York, 1997) 


‘Here and ater in this chapter, rely on the exellent review by Mark Nathan Cohen 
nd Gillam Crane-Kramer, "The State and Future of Paleoepideriology”tn Chases L, 
Greenblatt and Mark Speigelman, eds, Emerging Pathogens: The Archaology, Ecology, 
«and Evolution of Ifectious Disease (Nev York, 2003), 79-91, esp. 82-7: and George}. 
‘Armelagos and Kristin N Harper, “Genomics atthe Origins of Agriculture, art Two," 
Evolutionary Anthropolgy 14 (2005), 114-15, See alo Mark Nathan Cohen, Health 

& the Rise of Cvzation (New Haven, CT, 1989), 32-8; and, fora classic account, 
Willa H. Meet, Plaques and Reopes (New York, 1977), 14-30, 


Susan C, Welburn etal, “Sleping Sickness A Tale of Two Diseases” Trends in 
Parasitology 17 (2001), 19-24; Dorothy H. Crawford, Deadly Companions How 
‘Microbes Shape Our History (Oxford, 2007), 47-53 


‘4 Bric Hoberg, “Phylogeny of Teena: Species Definition and Origins of Human 
Parasites” Parasitology International § (2006), 523-830; Eric P Hoberg et al, “Out of 
Attica: Origins ofthe Taenia Tapeworms in Humans,” Proceedings ofthe Royal Society, 
London 8268 (2001), 781-7; Jessica M.C. Pearce-Duvet, “The Origin of Human 
Pathogens: Evaluating the Role of Agriculture and Domestic Animals inthe Evolution 
‘of Human Disease” Bilogica! Reviews 1 (2006), 369-82, at 374-6. 


‘See therecent review in Helen D. Donoghue “Human Tuberculosis~an Ancient 
disease, ae Elucidated by Ancien Microbial Bomoleculg” Microbes and infections 11 
(2009), 1156-62; Cristina Gutierrex tal, "Ancient Origin and Gene Mosaicsm 
‘ofthe Progenitor of Mycobacterium Tuberculosis” PLoS Pathogens 1(1)(2005).85; 

BR Brosch etal, “A New Evolutionary Scenario for the Myeabacterium Tuberculosis 
(Complex PNAS 99 (2002), 3684-9 


66 Nina G, Jablonski and George Chapin, "The Evolution of Human Skin Coloration,” 
_Flumév39 (2000), 57-106; Nina G,ablonsb, “The Evolution of Human Skin and 
Skin Color" Annual Reviewsin Anthropoey 3 (2004), 585-623, see 598-600, See also 
“Haather I. Norton etal, "Genetic Evidence forthe Convergent Evolution of Light Skin 
in Europeans and East Asians? MBE 26 (2007), 710-22. 


‘Richard Carter and KaminiN. Mendis, “Evolutionary and Historical Aspects of the 
Burden of Malaria" Clinical Microbiology Reviews 15 (2002), 562-94, see 572-4, James 
LA. Webb, Malaria and the Peopling of Early Tropical Africa,” JWH 16 (2003), 269- 
91, esp. 270-9, provides the modern historical synthesis; see also James L.A. Webb, 
Humanity Burden:A Global History of Malaria (New Yor, 2008), 18-41. On leprosy, 
see Mare Monot eta, "On the Origin of Leprosy” Science 308 (2005), 1040-2. 


‘Brigitte M. Hott and Vincenzo Formicola, “Hunters of the le Age: The Biology of 
‘Upper Paleolithic People YPA 51 (2008), 70-99; Vincenzo Formicola and Monica 
Giannecchini, Evolutionary Trends of Stature in Upper Paleolithic and Mesolithic 
Europe’ Hume 36 1999), 319-33; Christopher & Ruff tal, “Body Sze, Body 
Proportions and Mobility inthe Tyrolean iceman,” jHumEv 51 (2006), 91-101, 


95. Distant etal, “The Origin and Spread ofthe HFE-C282Y Heamnochromats 
Mutation" Human Genetics 115 (2008), 269-79. 


10 jablonak and Chapin, “The Evolution of Human Skin Coloration Jablonsh, “The 
Evolution of Human Skin and Skin Color,” 606-9, 


41 Thus wecan acceptin sprit Mark Nathan Coher‘s asic understanding of 
population pressure leading to domestication, while adjusting it to argue thatthe 
“pressure” came as much from changing climate and regional ecologies at from 
“Paleolithic overpopulation” See Mark Nathan Cohen, The Food Cri Prehistory: 
‘Overpopulation and the Origins of Agrcatare (New Haven, CT, 1979); Binford, 
Constructing Frames of Reference and Robert Bates Graber, A Scentfc Model of Social 
nd Cultural Evolution Kicks, MO, 1995). 


112 Theestimates of population forthe Old World Core of Southwest Asa, South Asia, 
East Asia, North Africa, nd non-Russian Europe in Braben, “Essai sur Evolution 
‘du Nombre des Hommes" and Colin McEvedy and Richard Jones, Atlas of Wold 
‘Population History (New York, 1978). The figures in MeEvedy and Jones arelower 
‘than thosein Biraben 16 million versus 252 milion), bt in both estimates the Old 
‘World Core comprised about 83 percent of the total wold population. 


14 For example, see Ansey Cole, “The History of Human Population, SA (Sept. 
1974), 41-51; rian Hayden, “Population Control among Hunter-Gatherers7 WaArch 
‘4(1972), 205-21; Don E Dumond, “The Limitation of Human Fopulation:ANetural 
History, Science 187 (1975), 713-21, 


15 James Boone, "Subsistence Strategies and Early Human Population History: 
‘An Evolutionary Ecological Perspective,” WiArch 36 2002), 6-25; John C, Caldwell 
and Bruce K Caldwell, “Pretransition Population Control and Equilibrium,” PopSt 
'57 2003), 199-215; John Caldwell and Bruce K. Caldwell “War there a Neolithic 
‘Mortality Csi” Journal of Population Research 20 (2003), 153-68, 


16 Boone, "Subsistence Strategies and Early Human Population History” Stephen, 
‘Shennan, Genes, Memes, and Human History: Darwinian Archaeology and Cultural 
Evolution (London, 2002), 100-37; James W, Wood, “A Theory of Preindustrial 
Population Dynamics: Demography, Economy, and Well-Being in Mathusan 
‘Systems, CA 39 (1998), 99-135; Richard R Paine and Jesper Bolden, "Linking 
‘Ageat-Death Distributions and Ancient Population Dynamics," in Robert D Hoppa 
and James W. Vaupel, ede, Paleodemaprephy: Age Distribution of Stletal Samples 
(ew York, 2002), 169-80; Richard Raine, “Ifa Population Crashesin Prehistory, 
‘nd Thee x No Paleodemographer There to Hear It, Does It Makea Sound," AJPA 

112 2000), 181-90; ChatlesN.W, Keckler, Catastrophe Mortality n Simulations 
‘of Foragar Age-at-Death: Where Did Allthe Humans Go? and Jesper L Boldsen, 
“Estimating Patterns of Disease and Mortality in a Medieval Danish Vilage in 
Richard Pane, ed, Integrating Archaeological Demography: Multdscipinary 
‘Approaches to Prehistoric Population (Carbondale, 1997), 205-41; Peter Howley. 
Conwy, “How the West Was Lost: A Reconsideration of Agricultural Origins in 
Bctain, land, and Southern Scandinavia” CA 45 (2004), s83-s113. W.Penn 
Handwerkar, "The First Demographic Transition: An Analysis of Subsistence Choices 
and Reproductive Consequences, AmAnth 85 (1983), 5-27 argued for reduced 
‘mortality, but not especially criss mortality. 


117 Boone, "Subsistence Strategies and Eay Human Population History,” 13-14; Ian 
|LRickard ta, “Food Availabilty at Birth Limited Reproductive Success in Historical 
Humans Ecolggy 91 (2010), 3515-25; Vegard Skirbehic Fertity Trends by Social 
‘Status Demographic Research 18 (2008), 185-80; G Eriksson, “Epidemiclogy, 
(Genes and the Environment: Lessons Leame from the Helsink Birth Cohort Sty? 
Journal of Internal Medicine 261 (2007), 418-25; .C Painter, “Transgenerational 


Effects of Prenatal Exposuretothe Dutch Famine on Neonatal Adiposity and Health 
In Later Life” J800: An International Journal of Obstetrics and Gynaecology (2008), 
1243-9; Bastiaan Hejmans eta, “Persistent Epigenetic Differences associated with 
Prenatal Exposure to Famine in Humans” [Netherlands PNAS 105 (2008), 17046— 
9;Tesa A. oseboom et al, “Hungry in the Womb: What Are the Consequences? 
Lesrons from the Dutch Famine” Maturitas 70(2011), 141-5; Marcus. Pembrey 
‘tal, "Sex-Specific,Male-Line Transgenerational Responses in Humans” [Sweden], 
European Journal of Human Genetics 14 2006), 159-66; Susan}. Scott and. J. 
Duncan, Interacting Eects of Nutrition and Social Class Differentials on Fertility 
and Infant Mortality in a Pre-Indusril Population,” PopSt 54 (2000), 71-87; se also 
James L. Boone “Status Signaling, Social Power, and Lineage Survival" in Michaeh 
Diehl, ed, Hierarchies in Action: Qui Bono? (Carbondale, 2000), 84-110; and Nessa 
‘Carey, The Epigenetics Revlution: How Modern Biology is Rewriting Our Understanding 
of Genetics, Disease, and Inheritance New York, 2012). 


10 Armalagos and Harper, "Genomics at the Origin of Agriculture, art Two,” 109- 
21, esp. 113-17; George}. Armelagos ea, “Evolutionary, Historical and Political 
Economie Perspectives on Health and Disease” Social Science & Medicine 61(2008), 
1758-65; Ronald Barrett eta, “Emerging and Re-Emerging infectious Diseases The 
‘Third Epidemiological Transition,” ARA 27 (1998), 287-71, 


‘9 Richard H.Steckel, “Stature and the Standard of Living." JEconL 33 (1998), 1903- 
40, 


20 Clark Larsen, "The Agricultural Revolution as Environmental Catastrophe: 
[Implications for Health and Lifestyt in the Holocene” Quaint 150 (2006), 12 

20 provides a recent synthesis. ee the articles in Cohen and Armelagos, eds, 
Paleopathology atthe Origins of Agriculture and Coben and Crane-Kramer, eds, 
Ancien Heath; Vere Eshed eta, "Paleopathology andthe Origin of Agriculture 
Inthe Levant” AJPA 143 (2010), 121-33; Anastasia Papathanasiou, “Health Status 
‘ofthe Neolithic Population of Alepotypa Cave, Greece" AJP 126 (2005), 377-90; 
Clark Spencer Larsen, ‘Post Pleistocene Human Evolution: Boarchaeslogy of the 
‘Agricultural Transition,” in eter . Ungar and Mack F.Teafor, eds, Human Diet: 
{ts Origins and Evolution (Westport, 2002), 19-36; Larsen, Boarchaeolgy, Theya 
‘Molleson, "The Eloquent Bones of Abu Hureyra”SA 271/2 (August 1994), 70-S;and 
Cohen, Health the Rise of Ciiization, 105-22. 


21 Forecent reviews, ee Harald Brissow, “Europe, the Bull and Minotaur The 
Biological Legacy of Neolithic Love Stary? Environmental Microbiology 11 (2008), 
277H-88;5-E.G.Cox, “History of Human Parasitology” Clinical Microbiology Reviews 
15 (2002), 595-612; Pearce Duvet, “The Origin of Human Pathogens" 378-9.The 
argument forthe particularly Neolithic spread of snonotic diseases hasbeen sketched 


{in fared Diamond, Cums, Germs, and Stel The Fat of Human Societies (New York, 
41997), 195-214; Amo Karen, Man and Micrber: Disease and Plagues in History and 
‘Modern Times (Sew Yat, 1995), 6-41; and McNeil, Plague and Peoples, 36-53, but, 
‘sven new genetic evidence, these accounts should be treated with care Fora review 
‘of zoonotic vectors witha modern focus see Mich Gregey, “The Human/Animal 
Interface: Emergence and Resurgence of Zoonotic Infectious Diseases’ Critical 
Reviews in Microbiology 33 (2007), 283-98. 


22 Deirdre A. Joy etal, "Early Origin and Recent Expansion of Plasmodium 
Jlciparam,Science 00 (2003),318-21;Sarah A Tishkof, “Haplotype Diversity and 
‘Linkage Disequilibrium at Human G4PD: Recent Origin of Alleles that Confer Malaral 
Resistance? Science 293 (2001), 45-62 For arecent synthesis see Webb, "Malaria 
“andthe Peopling of Early Tropical Africa, 280-90, and Web, Humanity’ Burden, 
42-65, One recent genetic analysis claims to show thatthe p. falciparum form was 
“endemic in pre-outof-Afica modern human populations, but was not carried to the 
Americas: Kazuyuki Tanabe eta, “Plasmodium falciparum Accompanied the Human 
Expansion out of Aiea Curent Biology 20 (2010), 1-7. 


23 Pearce-Duvet, "The Origin of Human Pathogens” 370-1 lsrael Hershkovits et 
A, "Detection and Molecular Characterization of 9000-Yeat-Old Mycabacterium 
tuberculoisfrom a Neolithic Settlement in the Eastern Mediterranean," PLoS ONE 3 
(2008), «2426; tan Barnes etal, “Ancient Urbanization Predicts Genetic Resstanceto 
‘Tuberculosis Evolution 65 (2010), 842-8, 


24 Caroline Gubser and Geoftrey L. Smith, “The Sequence of Camelpox Virus Shows 
{els Most Likely Related to Varia Virus, the Cause of Smallpox, Journal of General 
Virology 83 (2002), 855-72; Pearce Duvet, “The Origin of Human Pathogens,” 371-3 


25 Armelagos and Harper, “Genomics at the Origins of Agriculture, Part Two, 116- 
17yand Cornelius C.Cronin and Fergus Shanahan, “Why is Celiac Disease so Common 
In eeand?™ Perspectives in Bology & Medicine 44 (2001), 342-52. 


‘26 Richard P.Evershed eta, "The Eatiest Date for Mik Use in the Near Est and 
‘Southeastern Europe Linkad to Cattle Herding," Mature 455 (2008), $28-31; Sarah A 
‘Tahkoffet a, “Convergent Adaptation of Human Lactase Persistence in Africa and 
Europe NatGen (Advance online publication, December 10,2006); Sean Myles el, 
“Genetic Evidence in Support of a Shared Eurasian-North African Dairying Origin” 
Hasna Genetics 17 (2008), 34-42. 


(27 Michela Leonardi eal, “The Evolution of LactasePersistance in Europe: A 
‘Synthezis of Archasologicl and Genetic Evidence,” International Dai Journal 22, 


(2012), 88-97; Pascale Gerba et al, “Evolution of Lactase Persistence: An Example 
‘of luman Niche Construction’ Philosophical Transactions ofthe Royal Society B 366 
(2011), 863-77; Joachim Burger eta, “Absence of Lactase Peristence- sociated 
‘Allele in Early Neolithic Europeans” PNAS 108 (2007), 3736-41; Todd Bersaglieri 
‘tal, "Genetic Signatures of Strong Recent Positive Selection atthe Lactase Gene” 
AJHG 4 (2004), 1111-20; Albano Bea-Pereira, “Gene-Culture Coevolution between 
Cattle Mie Protein Genes and Human Lactase Genes NatGen 35 (2003), 311-13, 
For variants on the migration thesis see also Ruth Mace, “Testing Evolutionary 
Hypotheses about Human Biological Adaptation Using Cross-Cultural Comparison,” 
‘Comparative Biochemistry and Physiology, Part A 136 2003), 85-94, Wiliam H. 
Durham, Coevolution: Genes, Culture, and Human Diversity (Stanford, CA, 1991), 226- 
‘96 argues that amore general lack of oa vitamin D sources across northern Europe 
‘nd into Eurasia may have shaped the broad distribution of lactose tolerance. 


28 Fora useful general comment onthe new toxinsin the Neolithic die, se 
‘Tony McMichael, Human Frontier, Environments and Diseases: ast Patterns, 
‘Uncertain Futures (Carbeidge, 2001), 64-78, There may wellhave been ong-range 
consequences ofthe genetic shift allowing lactose tolerance and the consumption of 
‘airy fats Forte past forty years scentsta have been developing the theory that 
-tvfty gene allows humans to survive in extremely marginal ercumstances by 
‘masimlaing the absorption of fats from food. This same genetic predisposition it 
\wargued, then backfices when people bearing this thrifty gene begin to ent high- 
fat modern dats and become suseptibe to obesity and type? diabetes. Broadly 
peaking, peoples whohave until recently pursued foraging and horticultural 
‘economies are so deposed, a are East Asians dependent on rie agriculture. I 
alsohas been propoted that there isa link between lactose tolerance and diabetes 
resistance that may run back tothe Neolthi, Northern Europeans are both lactooe 
tolerant and dabetes resistant, asi, strikingly, sample of Tanzaniansof cattle- 
herding traditions (diabetes resistance has apparently not been measured among 
the Berbers). Hypothetical, such smal cattle- dependent populations would have 
had theirown type? diabetes crisis in prehistoric times and emerged somewhat 
protected, Fora review of diabetes, se Leslie Sue Lieberman, “Dietary, Evolutionary, 
snd Modernising in tuences onthe Prevalence of Type2 Diabetes," Annual Review 
of Nutrition 23 (2003),345-77; for critique, see Daniel Benyshek and James T. 
‘Watson, “Exploring the Thrifty Genotype’ Food Shortage Assumptions: ACross- 
Cultural Comparison of Ethnographic Accounts of Food Security among Foraging and 
‘Agricultural Societiog”AJPA 131 (2006), 120-6. For the lactose tolerance/diabeter 
‘connection, see Jon S. Allen and Susan M. Cheer, “The Non-Thrifty Genotype"CA 37 
(1996), 831-42. For analternat view, which stresses the abatement of subsistence 
‘rises in erly modern Europe, seared Diamond, “The Purl of Diabetes," Nature 
423 (2002), 599-602, 


29 james W. Wood et al, “The Osteological Paradox: Problems fom Inferring 
Prehistoric Heath rom Skeletal Samples” CA 33 (1992), 343-70; Lor E. Wright 
and Cassady Yoder, "Recent Progress in Bioarchaeology- Approaches tothe 
Osteclogial Pardo," JArchRes 1 (2003), 43-78. For critiques, see Mark Nathan 
Cohen, “The Osteological Paradox Reconsidered” CA 35 1994), 629-37; and “Does 
Paleopathology Measure Community Health? A Rebuttal of The Osteological 
Paradox’ andts Implications for World History” in Paine ed, Integrating 
Archatolagcal Demography, 242-60. 


30 Lisa Sattenspiel and Henry Harpending, “Stable Populations and Skeletal Age” 
‘AmAntig 48 (1983), 489-98;G.R Milner etal, “Pattern Matching of Age-t-Desth, 
Distributions in Paleoderographic Analysis” AJPA 80 (1989), 49-58; seereviews 
in Robert McCaa,Paleodemography ofthe Americas: From Ancient Times to 
Colonialism and Beyond,” in Richard Steckel and Jerome C, Rose, eds, The Backbone of 
History: Heath and Nutrition in he Wester Hemisphere (New York, 2002), 95-9; and 
Jane E,Buikstra,"Paleodemography: Context and Promise,” in Paine e, Intgrating 
“Archaeological Demagraphy, 367-80, These Issues are explored in Hoppa and Vaupel, 
a, Paleodemagraphy. 


31 Jean Phere Bocquet-Appel,"Paleoanthropological Trace of a Neoithe 
Demographic Transition” CA43 (2002), 637-50; and Stephan Naf “Testing the 
Hypothesis ofa Worldwide Neolithic Demographic Transition: Corroboration 

from American Cemeteries” CA 47 (2006), 241-65. Seealso James, Bandy, ‘New 
‘World Settlement Evidence fora Two-Stage Neolithic Demographic Transition," CA 
46 (2005), 109-15;and ane E Buikstraet al, “Fertility andthe Development of 
Agriultur inthe Prehistoric Midwest" AmAntig 51 (1986), 528-46. Most recent, soe 
Jean-Pierre Booquet Appel, “When the World's Population Took Oft The Springboard 
ofthe Neolithic Demographic Transition,’ Science 333 (2011), 560-1. 


232 My guesses at the behavioral implications ofthe NDT ratios from Peter Bellwood. 
and Mare Oxanham, "The Expansions of Farming Societies andthe Boleof the 
"Neolithic Demographic Transition,” in Boequet-Appel and Bar-Yosf, es, The 
Neolithic Demographic Transition and ts Consequences, 24; and calculations fom 
‘ata in Silvia Bello etl, ’Ageand Sex Bias inthe Reconstitution of Past Population 
Structures” AJPA 129 2006), 24-38 (an eighth-century Iron Age site and a Mares 
‘Plague pit, 1721:both have (5-19/(5+) ratio of approximately 26). 


233 Bocquet-Appel and Bar Yosef, eds, The Neolithic Demagraphic Transition and Its 
Consequences. 


24 Bellwood and Oxenham, “The Expansions of Farming Societies and the Bole ofthe 
‘Neolithic Demographic Transition," 13-34, esp. 13,21-3. low and fast demographic 


‘transitions during the Neolithic hae their equivalent in the modern demographic 
‘transition, See Chemals, The Demographic Transition, 21-7. 


235 KL. Campbell and] W. Wood “Fertity in Traditional Societies: Social and 
Biological Determinants” in Diggory et al, Matural Human Fertility Social and 
‘Biological Mechanisms (London, 1988), 39-9; Cillian R Bentley etal, "The Fertility 
‘of Agricultural and Non-Agricutural Societies” FopSt 47 (1993), 269-81;"Isthe 
Fertility of Agriculturaists Higher than that of Non-Agrculturlists™"CA 341993), 
1778-85; Daniel W. Sellen and Ruth Mace, Fertility and Mode of Subsistence: A 
Phylogenetic Analyss"CA 38 (1987), 778-85. 


16 Boone, "Subsistence Strategies and Ealy Human Population History," 17-20, 
aren L. Kramer and James L Boone, “Why Intensive Agriculturalists Have Higher 
Fertility: A Household Energy Budget Approach,” CA 43 (2002), §11-17, 


37 This quick sktch relies on Boone, “Subsistence Strategies and Early Human 
Population History" Caldwell and Caldwell, “Pretransition Population Control and 
Equilibrium’; and the data in}. Lawrence Angel, Health asa Crucial Factor in the 
‘Change from Hunting to Developed Farming inthe Eastern Mediterranean" in 
Cohan and Armelagos, ds, Paleopathogy atthe Origin of Agriculture, 51-73, 


230 Anna Belfer-Cohen et al, “New Biological Data forthe Natufian Populations of 
Israel in Ofer Bar-Yoref and FrancotsR Valle, The Netafian Culture in the Levant 
(Ann Astor, MI, 1991), 411-26, se 419 and 421-2. 


39 Fanny Bocquentin and Ofer Bar-Ose, “Early Natuian Remains: Evidence for 
Physical Conflict from Me. Carmel, sae” /HionEy 47 (2004), 19-23; Ofer Bar-Youet 
and Anna Belfer Cohen, “Facing Environmental rst Societal and Cultural Changes 
atthe Transition from the Younger Dryas tothe Holocene inthe Levant,in BT. 

Cappers and. Bottema, eds, The Dawn of Farming in the Near Est (Bern, 2002) 61. 


‘40 Patricia Smith, “The Dental Evidence for Nutritional tatu inthe Natufins in 
Bar-Yosef and Valla, ed, The Natufan Culture in the Levant, 425-32, see 429-31. 


‘41 Tania Handy-Smith and Philp C. Edwards, “The Garbage Crisisin Prehistory: 
Artifact Discard Patterns a the Early Natufian Site of Wadi Hammeh 27 andthe 
Origin of Household Refuse Disposal Strategies” JAnthArch 23 2008), 253-89. 


‘42 Syathesis based on Lan Fut and Nigel Coring Monts, “Foraging, Farming, and 
‘Social Complenty inthe Pre Pottery Neolithic of he Southern Levant: A Review 
and Synthesis” JWP 16 (2002), 361-440; and Mar Verhoeven, “Beyond Boundaries: 


‘Nature, Culture and a Holistic Approach to Domestication inthe Levant JWP 18 
(2008), 179-282, animals in burial: 258-9. 


‘43 Teter M.M.G.Abkarmans and Glenn M Schwartz, The Archarology of Syria From 
‘Complex Hunter-Gatheres to Early Urban Societies, 16, 000-300 BC) (New York, 
2003), 58; an Kut, “People and Space in Early Agricultural Vilages: Exploring Dally 
‘Lives, Community Sie, and Architecture in the Late Pre-Pottery Nealithic”JAnthArc 
19(2000),97-9. 


‘44 Israel Hershkovite and Avi Gopher, “Paleodemography, Burial Customs, and 
Food-Producing Economy atthe Beginning ofthe Holocene: A Perspective fromthe 
Southern Levan,” Miteufat Hoeven: Journal ofthe lara! Prohstoric Society 23(1990), 
‘sp. 35-9; oe also Shennan, Genes, Mem, and Human History, 129-34, 


“45 Quotes from rae Hershkovite and Avi Gopher, “Demographic Biological, and 
‘Cultural Aspects of the Neolithic Revolution: A View from the Southern Levant,” 

In Bocquet-Appel und Bar You, es, The Neolithic Demagraphic Transition and 
tsConsequences, 471-5, The data ln Table sn part synthesis of data 
Hershkovits and Gopher, “Demographic, Bological, and Cultura Aspects 447; 
with that originally published in Emma Guerrero eta, “The Signal ofthe Neolithic 
Demographic Transition inthe Levant” Bocquet-Appel an Bar Yosef, ds, The 
Neolithic Demographic Transtion and ts Consequences, $7-80, at 64-5, subsequently 
vised and supplied by Jean-Pierre Bocquet-Appel, personal communtcation, August 
17,2011. 


{46 Simon W. Hilson eta, "The Human Remains Interpreting Community 
Structure, Health, an Dit in Neolithic (ata, in lan Hodder, e, Humans and 
Landscapes of Gatathiyak(Los Angoes, CA, in pres). 

(Gatalnayak levels: D3-19D3+ D3-19/03+ 

Early (7000-6370 8¢)27 286 

Midate(6610-625038¢)37 80.462 

Late(6410-61508C) 15 51.204 
‘47 Vered Eshed, etal, “Tooth Wear and Dental Pathology a the Advent of 
‘Agriculture: New Evidence from the Levant” APA 130 (2006), 145-59; Patrick 


[Mahoney ‘Dental Bicrowear from Natuflan Hunter-Gatherers and Early Neolithic 
Farmers: Comparisons within and between Samples” JPA 130 (2006), 308-19. 


‘4u lan Kui, "Negotiating Equality through Ritual A Consideration of Late Natulan 
and Prepottery Neolithic A Period Mortuary Practice” JAnthArch 15 (1996), 313— 
36; Nigel Goring-Morris, “The Quick and the Dead: The Social Context of Aceramic 
Neolithic Mortuary Practices ax Seen from Kfar HaHoresh, and lan Kut, "Keeping 
‘the Peace: Ritual, Skull aching, and Community Integration inthe Levantine 
Neolithic" in lan Kut, ed, Life n Neolithic Farming Communities: Socal Organisation, 
‘entity, and Differentiation (New Yor, 2000), 103-64 


49 Vered Eshed etal, "Puleopathology and the Origin of Agriculture in the Levant,” 
AJPA 143 (2010), 121-33; VeredEshed etal, “Has the Transition to Agriculture 
‘Reshaped the Demographic Structure of Prehistoric Populations? New Evidence 
from the Levant," AMA 126 (2008), 315-29; Hershkovitz and Gopher, “Demographic, 
Biological, and Cultural Aspects,” 453:1 Hershhovitz and G, Edelson, “The Fret 
Wentified Case of Thalassemia” Honan Evlation 6 (1991), 49-54, 


50 Patricia Smith and Lira K-Horwits, “Ancestors and Inheritors: A 


21; Hershkovitz et al, “Detation and Molecular Characterization’ Lora X. Horowits, 
and Patricia Smith, “The Contribution of Animal Domestication tothe Spread of 
‘Zoonoves: A Case Study from the Southern Levant,” Anthroposcolagica 31 (2000), 77 
4, 


'51 The question of increased childhood and adolescent death inthe Neolithic 
‘complicates the NDT model, which assures that increased sub-adult skaletons in 
tes ie arflection of heightened fertility. But the possiblity of age-specific iinestes 
‘may explain the arg numbers of adolescent burials noted inthe Pre-ottery 
Neolithic cemeteries studi by Hershkovit, Gopher, and Exhed. A similar pattern of 
Adolescent death has been found for Europe rising with the Neolithic and peaking in 
the Bronze and Irn Ages, and also ascribed to the impact of childhood epidemic, 
Hershkovitzand Gopher, “aleodemography, Burial Customs, an Food- Producing 
Economy" 24-5; Eahed, “Has the Transition” datacn p. 320; Paineand Boldsen, 
“Linking Age-at-Desth Distributions and Ancient Population Dynamics" 


52 Smith and Horwits, Ancestors and Inheritors7 220-1. 


'53 Boone, "Subsistence Strategies and Ealy Human Population History” Peter 
Bogucki, The Origins of Human Society (Malden and Oxford, 1999), 210-16. 


4 Tan Kui sees the Late PPN@ increases in fertility ax grounded inthe effects of 
‘etter food storage, rather than domestication. See Kat, Demography and Storage 


“Systems during the Souther Levantne Neolithic Demographic Transition,"in 
Bocquet-Appel and Bar Yosef, eds, The Meoithic Demographic Transition and its 
Consequences, 287-314. 


435 Theya Moleson etal, "Dietary Change and the Effects of Food Preparation on 
‘Microwear Patterns inthe Late Neslthic of Abu Hureyra, Northern Syria" JHumEv24 
(1993), 55-68, 


‘56 The Sawwan Level burials are Hsted and discussed in Frank Hole, “Burial Patterns 
inthe Fifth Milennium,” in Elizabeth F Henrickson and IngolfThuesen, eds, Upon 
‘This Foundation: The Ubaid Reconsidered (Copenhagen, 1989), 61-3;and Stuart 
‘Campbell, “Death for the Living in the Late Neolithic in North Mesopotamia,"in 
‘Stuart Campbell and Anthony Green, eds, The Archaeology of Death nthe Ancient 
Near East (Oxford, 1995), 29-34; for summaries of the burials in Chaolithi sites, 
‘ee Roger Matthews, The Early Prehistory of Mesopotamia:$00,000 to 4,500 BC 
(Turnhout,2000), 61, 65,81, 90, 110,119. See also the comments on the Chacolithie 
‘cemetery at Peq'n in Herahkovitz and Gopher, “Demographic, Biological, and 
Cultural Aspects" 474, 


'57 Matthews, The Early Prehistory of Mesopotamia, 109; Steven Mithen, After thee 
‘A Globa Human History, 20,000-5000 BC. (Cambridge, MA, 2004), 438-9, Andrew 
‘Sherratt, Economy and Socetyn Prehistoric Europe: Charging Perspectives (Princeton, 
1}, 1997), 174-80; Frederick Simons, "The Antiquity of Dairying in Asian 
Attia” Geagraphicl Review 61 (1971), 431-9. 


58 For arguments supporting increased infant survival, see Renee L. Pennington, 
“Did Food increase Fertility? Evaluation of ung and Herero History’ Human Biology 
64 (1992), 407-521; Renee L. Pennington, Causes of Early Human Population 
Growth” AJPA 99 (1996), 259-74 


59 N.Lev-Tov etal, "Dental Evidence for Dietary Practices inthe Chaleoithic Period: 
“The Findings from a Burial Cave in Pegin (Northern erael)”Pléorent 29 (2003), 
121-34, Rathbun suggests from scattered evidence from Iraqand ran thatthe 
frequency of Harris lines increased from 10 percent in the Neolithic to 69 percent in 
‘the Chalcalithic to 92 percent inthe Bronze and ron Ager. Ted A. Rathbun, “Skeletal 
Pathology from the Paleolithic through the Metal Age in Irn and traq”in Cohen and 
Armelagos, eds, Paleopatholgy atthe Origins of Agriculture, 137-67, a 147. 


(60 rae Hershkavitz and Avi Gopher, “Is Tuberculosis Associated with the 
Domestication of Cate: Evsence from the Levant"in Gybrgy Pal et al, 


Tuberculosis: Past and Present (Budapest, 1999), 445-9; Barnes etal, “Ancient 
Urbanization Peaicts Genetic Resistance to Tuberculosis” 


61 Bellwood and Oxenham, “The Expansions of Farming Societies and the Roe of 
‘the Neolithic Demographic Transition” 23; Li Lai, The Chinese Neolithic: Trajectories 
Toward Early States (New York, 2004)26-8, 180,194, 208-9; Zhang Chi and Hsiao- 

‘Chun Hung. “The Neolithic of Southern China- Origin, Development, and Dispera,” 
Asian Perspectives 47 (2008), 299-329, at 316-17; Lietal, “Increases in Population 

‘and Expansion of Rice Agriculture in Asia” 


62 Ekaterina A Pechenkina eta, Diet and Health Changes at the End of the Chinese 
"NeolithieThe Yangshao/Longshan Transition in Shaanai Province” AJPA 117 
(2002), 15-36; "Diet anc Heath nthe Neolithic ofthe Wel and Middle Yellow River 
Basins, Northern China,” in Coher and Crane-Rramer, es, Ancient Health, 255-72, 


65 Data originally published in Bocquet Appel, "Pleoanthropoogial Traces ofa 
Neolithi Demographic Transition, €40-1, subsequent revised and supplied by 
Jean Pere Bocqut-Appl personal communication, August 17,2011 


64 Andrew Sherratt La traction animale ei transformation de FEurope 
dolithique in P.Pétrequin et al, ede, Premlerscharets, premiers araies. La diffusion 
‘de a traction animole en Europe pendant les Vee lke illénaies avant note ée (Pati, 
2006): 329-60 (POF fle ofthe English text: Animal traction and the transformation 
of Europe," posted at http.//wwwarchatlas dept shetacuk/people/AShermtt pp, 

sccessed August 8,2012).{te possible that Europe aw another fertility spike nthe 
tron Age. 


65 Bell, “Age and ex Biastable 8p. 30, 


{66 Timothy A Kohler and Matt laude, “The Nature and Time of the Neolithic 
Demographic Transition inthe North American Southwest in Bocquet- Appel and 
Bar Yosef, ds, The Neolithic Demagraphic Transition an its Consequences, 81-105. 


67 RichardG. Lesure, “The Neolithic Demographic Transition in Mesoamerica? 
Larger Implications ofthe Strategy of Balative Chronology in Bocquet-Appel and 
Bar-Yosf, ds, The Neolithic Demographic Transition and ts Consequences, 107-38, 


(68 Data used here was originally published in Bocquet-Appel and Nall “Testing 

the Hypothesis” 343-4, subsequenty revised and supplied by Jean-Pierre Booquet- 
Appel, personal communication, August 17,2011. See the comments by Andrew 
“T.Chamberlain and Gary Waric, folowing Bocquet-Appel and Nai “Testing the 


‘Hypothesis 351-2,385. See also Gary Warrick, A Population History ofthe Huron- 
‘etun, A.D. 500-1650 (New York, 2008), 154-84, Population estimates from Samuel 
E Munos etal, “Synchronous Environmental and Culture Change inthe Prehistory 
‘of Northeastern United States” PNAS 107 (2010), 2208-13, 


(69 Pearce Duvet, "The Origin of Human Pathogens” 371-3. 


70 McNeil, Plagues and Peoples, 55-63; Guiermo Algae, The Uruk World System: The 
Dynamics of Expansion of Early Mesopotamian Civilization Chicago 1L, 1993, 2005). 
James Webb has recently argued fora similar “epidemiological gradient” in which 

‘malaris-resistant Bantu cultivators spread eat and south into tropical forests where 
populations lacking immunities died away. Webb, “Malaria and the Peopling of Early 
‘Tropical Afric," 285-90. 


Part 111 Ancient and Medieval 
Agrarian Societies 


6 Stasis and Growth in the Epoch of Agrarian Empires 


|LUst of Figures and Tables for Part: Ancient and Medieval Agrarian Societies 

vigures 

{UL Amodel ofthe conditions of global population growth, 4000 BC-present 

‘UL Estimated global populations by world regions 400 BC-AD 1800 

113 Climatic change and state formations, 4000 BC-AD 1 

[MLA Climatic change and the dynastic state in China, 30008C-AD 1911 

‘MLSa Climatic change, AD 1-2000- Forcings, Northern Hemisphere, andthe Pacific 

TILSb Climatic change, AD 3-2000: North Ameria, Nile Valley Sub-Saharan Aftica, 
‘and South Asia 

IILSe Climatic change and the dynastic tate in China, 475 BC-AD 1011 

IIL The E1Nifo/Southern Oxilation, Central America, and the Andes, AD 1-2000 

IIL6 Adult stature in the Maditerranean and Europe, S000 BC-AD 1 

TILT Adult stature in Europe and the United States, AD 1-2000 

TILA Economy, climate, and disease inthe Buro-Maditerranean world, 400 BC-AD 
11000 

11L9 Climate and famine in South Asa, AD 1000-2000 

TIL10 The Little ce Ageand the Black Death 

‘Tables 

IIL1a Estimated global population growth rates, 9000 BC-AD 2030 

TUL1b Estimated population growth rates, elected word repions, $00 BC-AD 2000 


it 
H 
U 
t 
U 
tl 
i 
UW 
é 
t 


2359... Ss eERE, 


Figure 1. A modelof the conditions of global population growth, 4000 BC- 
present 

{thuman populations had grown without interruption since the Early Paleolithic 
the earth would have filed to beyond capacity long since. Thus crisit mortally - 
severe reductions in annual growth rates—have to have been a powerful determinant 
‘of uman total population, which suddenly has muitipted bya factor often in the 
‘ast three hundred years This conical igure sets generally accepted population 
figures back to 400 BC and my guestimates before that against the major climatic 
and disease events ofthe Late Holocene. My guestimate before 400 BC assume a 
population of seven million in the early Holocene, modesty higher growth rates 

(+089) during the Bronze Age Optimum and Early Iron Age, and lower growth rates 
during the Accadian Crisis (0.0%) and the Bronze Age Crisis after 1200 8C-025%) 
See Tables IL. andi. 


analogous tothe positon of the ITCZin the southern Caribbean are remarkably 
associated with dynastictranstions in China since the second millennium BC. The 
‘major exception isthe consolidation of the Chin atthe ends of the Warring States 
period. See also Figure IL Sc 


Hemisphere temperatures, Nrth Atlantic ie rafting, West Pacific sex-surface 
temperature, and the postion ofthe ITCZon the north coast of South America all 
‘moved together, as did the Bay of Bengal Monsoon (Figure IS). 
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igure sb, Climatic change, AD 1-2000: North America, Nile Valley Sub-Saharan 
Attica, and South Asia, 

“The ransition from the Datk Agesto the Medieval Climate Repime brought drought 
to North America and Aftcs, with slightly different timing. The advancing medieval 
droughts seem to have struck Africa fist, causing catastrophic low floods inthe 
Nile between the 950s and the 1070s. Advancing drought in the middle of North 
America shaped the emergence ofthe Cahokia city-state, which was destroyed by 
thre intense mega drought between 1150 and 1250, Convery, the monsoons that 
‘water South Asia were stronger in the Middle Ages and weaker in the itl Ice Age. 
‘Sources for Nile Valley Droughts:Hlenblum; Hassan. Parker 
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‘gure. Climatic change and the dynastic state in China, 475 BC-AD 1911, 
‘Again, dynastic crises in China align with climatic downturns, which were 
‘manifested in erratic summer monsoons, flooding and especially cold and dry winter 
‘monsoons from Siberia. 


‘Floods and droughts driven by ENSO variation shaped the contours of Andean, 
‘imperil state history down tothe Spanish conquests. The Mayan crisis of 760- 
900 was shaped by one ofthese E1 Nino episodes, which suppressed the eaterly 
‘Caribbean summer rains that water the Yucatan. The spas inthe CarlacoITCZ, the 
‘GISP2voleanic, and offshore Peruvian records all may mark the Chichon eruption 
‘at 1258, which might have been aphace trigger forthe itl Ice Age. Sea surface 
‘temperatures in the Western Pacific provide the best general proxy or general La 
‘Nill Ni conditions over the last two millennia, 


, 


‘igure 1-7. Adult stature in Europe and the United States, AD 1-2000, 
[More detailed reconds of adult heights from the last two millenia suggest pattern 
Unked more with population scale nd pattems of tate formation. Between the 
‘Roman eraand the Datk Ages, populations fll and heights increased, suggesting that 
lsolation from imperial dieate circulation and improved land/Iabor ratio offset 
the impact of colder, wetter climates A similar pattern may be apparent at medieval 
‘Populations, surviving the Black Death, entered the Early Little Ie Ag, but the 
‘extreme conditions ofthe final Little Ie Age may have impacted height and health 
Europe [KB Koepke and Baten; European population: Brsben; London: Museum of 
London Center for Boarchaeology: pital Square, East Smithfield, and St, Mary Graces 
‘cemeteries, London [See Chapter 9, note £0] Northern Europ: Stckel, 2004 

US Steckel, Historical Statistics [4653-67], 

Except forthe decadal US data, reported heights displayed forthe middle three-Afths 
‘of period only; otherwise free-floating. 
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igure 10. The Little le Age and the Black Death. 
‘Thecllmatic preconditions ofthe Black Death are amatter of some debate. t appears 
that Northern Hemispheric temperatures had been dropping for several centuries, 
and tht otha started to form i the North Atlantic around 1260, The South Asan 
Monsoon had been declining since the 1250s, heading toward the extremes ofthe 
nymer Drought inthe 1360s. As the global system cooled and shifted south, the 
"North Atlantic Oscillation shifted from postive toward a negative mode, increasing 
‘winter precipitation from the Atlantic westeries through the Mediterranean and 
Into Central Asia, which had been particulary ari during the Medieval Climate 
Regime. The fst impact of enhanced rainfall on the steppes may have launched. 
the Black Death a rodent and fea populations bearing the bubonic plague bacill 
‘would have expanded sharply with rising humidity 


‘Table I-12 Estimated global population growth rates, 9000 BC-AD 2050 


AD o-t09 
400-400 

ye0-40o 

fec-soo 

soornoe 

790-oo 

Yoo-g00 

00-1000 
1020-1100 
ta00-1350 
fasertjoo 
sy00-1348 
niyo-1400 
1420-1500 
1300-1358 
t3se-th00 
thoomr6se 
i700 1390 
1¢e-toe 
theo-18so 
thse-1990 
1900-1950 
9s0-2000 
pare 


‘Sowres: se note for Table IL, Biraben, Madison. 
Compare with FgureliL1. 


‘Table I. 1b. Estimated population growth rats, selected world regions, 400 BC-AD 
12000 


= Years Growth 
Opening Closing Rate 
Dae Date 
China 4258C-AD 0 (Biraben)| 190 yoo 
Medictrancan World ooBC- 38.0 soo 
[AD 200 (McEvedy and Jones) 
Fray 4o0BC-AD o (MeEvedy 4“ 
and Jones) 
Song Chia 1200-1200 Biraben)  §8.0 24.8 
England raog-ry1s (Clark MPL 5.5 on 
‘dta) 
China 1720-1850 iraben) 150 as 30 ort 
Europe (exshiding Russia) 9s 9 150 83% 
1760-1850 (Biraben) 
United Kingsoms and Ireland ss a 
1700-1850 (Madison) 
Alother Europe 1700-1850 864 150 so%H 
(Micaben) 
United States 1700-1850 (Hist oas 150 303% 
su) 
Europe and United Sates 9535 a 1s0 0.60% 
1700-1850 
Global 1700-1850 Biraben) 6675 
China, Euope United States 24s 
1700-1850 (iraben) 
Allother 1700-1850 (Bieaben) 438.26 
Chine 18se-2000 as 
Europe (exshaling Russi) too 
Byo-2000 a8 
Europe and the United Setes 333.6 
1850-2000 
Global 1850-2000 rays oso 150 Lost 
China, Europe; United States 667.6 2058 Hye 075% 
1850-2000 
Allother 850-2000 S74 3998 10 nat 


Getting Ahead, Running in Place, Falling Behind 
Around 2000 8c, riven by the abr nal crs ofthe Mia Holocene ransonthe 
state organization of society suddenly began to emerge inpartcularlcationsin the 
‘1d Word first in Mesopotamia and Egypt, then the indus Valley andthe Yellow 
iver Valley of China. Now, in the early twenty-first century, we ook back ver $000 
yearof “history? defined a uch by the bureaicratic organization of the sate nd 
the writing systems that support. Even within thot 5,000 yar, however, our 
‘modern condition emerged only yesterday, grounded in an industrial transition 
to fos fuel that began oni 300 yenrsag, ons word economy of center and 


periphery that emerged only 500 years ago with these and spread of ently modern 
European empire. These S00 years encompass the early modem and modern 
‘transformations that willbe the subject of Part V ofthis book Part Il examines the 
{erty four centuries that intervened between theriseof the stateand the opening 
‘ofthe crises that would lead eventually to global modernity. More precisely, close 
‘my account of premodernity around AD 1350, after New World societies had been, 
severely impacted by medieval droughts and 2s Old World societies were feeling the 
first manifestations ofthe Little Ie Age and facing the devastation of the grievous 
‘mortality of the Black Death. 


‘What then ofthe ancient and medieval worlds that occupied the global stage 
‘between "prehistory" and "modernity"? The ise of modernity, witht labal 
reach, massive population and economic growth, and energy revolutions can make 
these words lookpatry by comparison, along, latline epoch of stagnant agrarian 
‘conomies governed by unchanging autocratic states From this perspective ancient 
and medieval societies simply were bound in “Malthusan tap" of the mits of 


to unravel the origins of modernity contrast these forms of extensive and intensive 
|proveth against the sustained Promethean or “Schumpeterian® growth of modern 
economies, driven by accelerating cyces of advanced technological innovation in 

1 fosl-ueled minera-based economy. For these scholar, the central problem of 
World history involves explaining the forces and factors that would allow strategic 
populations to breakout ofthe Malthusian trap an onto the road to modern 
sustained economic growth, ina punctuation as powerful and far more rapid than 
{howe Niles Eldridge and Stephen Jay Gould proposed forthe paleo-past! 

‘These are indeed important questions, and attend tothemin Part V. But the 
economists focus onthe immediate crigins of the modern world obscures the 
character of human experience during the four and half millennia preceding. tn 
this and the next three chapter Ilcok atthe Bronze Age Iron Age, antiquity, and the 
Middle Ages in a compression that violates historical conventions (and historians! 
sensibilities), and which perhups cancedes too much tothe economists fatLine view 
ofthe archaic worl But my purpose sto achievea more nuanced perspectiveon the 
‘aural and human forces at work between the end of prehistory and the dawn af 
modernity? 

My arguments here are heretical to some schools of thought -but supported by 
others, First stand-in pretty good company in quiet critique of those who dismiss 
‘completely the epoch of the archaic agrarian state asa stagnant, utterly Malthusian 
‘world. My company heres a group of word historians and historians of ancient 
and medieval economies World historians ofthe likes of Wiliam H. McNeil john 


2 MeNell, David Christan, and Fred Spier organize their interpretations around 
similar constructs of evolving systems of complesty Christian and Spier carry 
‘their approach to systems complexity back into the evolutionary past, andsituatea 
‘owing human social complexity in relation toa base of biological complexity. With 
‘the MeNeilsthey also se cumulative development of interaction, organization, 
and innovation emerging over the four ancient and medieval millennia that were 
‘the essential foundation forthe explosive breakout to modernity inthe past 500 
years? Victor Lieberman als has stressed the cumulative force in state formation, 
In his model of Bronze Age primary or pristine state empires, secondary ron Age 
and classical empires, nd medieval secondary monarchal states, to which we might 
sd tertiary post-Columblan nation-states. Ian Morris takes similarly curative 
approach in an important assessment ofthe longterm fortunes of China and the 
‘Wert These world historians take along, developmental view for good reason; 
‘ustained modern economic growth didnot and could not erupt out ofthe palace 
‘economies ofthe Bronze Age, any more than It could out ofthe Neolithic. Tht 
there historians focus onthe cumulative evelopment of burman intellectual, 
technological, and sociopolitical capacities as forging a springboard for modernity. 
‘Aquit diferent schoo, the Marxian wotld system historians, has developed a 
‘comprehensive model of economic and politcal development running back from, 
the early modern world tothe beginnings of the Bronze Age. These world system 
historians propose that economic and politica systems have ebbed and owed, 
‘over the pst five millennia, and they seek to explain thee oscillations in terms 
‘of system dynamics If do not flow the explanatory framework that the world 
system historians have developed, their chronology of cumulative expansion and 
“contraction of economies provides 4 useful counterpoint tothe fat-ine view of 
theeconomists. And, with Victor Lieberman, pay particular attention to "strange 
‘parallels the simultaneous eb and flow of premodern economies over these 
millennia? 

‘And many historians argue that several of these expansions involved ral 
economic growth speciially that classical antiquity and the Middle Ages saw 

ot only effective innovative intensification inthe face of growing numbers, but 
actual pe capita improvement of conditions in those societies. ric Jones, in an 
analysis of “growth recurting” since ancient times, defines premodern growth 
asboth “extensive” and “intensive” His extensive growth is more Boserupian, as 
technologies and economies run in place with growing populations; his intensive 
_rovth is more Sothian, as that growth begins toift the average standard ofliving. 
For Joes, the long-term operation ofboth ofthese modes of growth s essential 
in buding the platform for Schumpterian or “Promethean growth of modern 
‘economies ® Jack Goldstonels very similar conception of “flarescences" of growth. 
\sequally useful Rather than simply dividing history into flat line of stagnant, 
archaic regimes followed by a progressive modernity Gldstone proposes a mod 
‘faltering efflorescence and criss in premodernit:aneflorescence brought “a 


‘lative sharp often unexpected upturn insignificant demographic and economic 
Indices, usually accompanied by political expansion and institution building and 
‘cultural synthesis and consolidation” Goldstone’ eflorescences combine elements 
of territorial expansion with Boserupian intensification and Smithian growth, 
shaped by hard workand the division of labor without any necessarily fundamental 
‘technological change. Goldstone crises reversed most of these advances,but afer 
the emergence of systems of writing crisis might not eraseallof the cultural and 
Institutional paradigme developed in eflorescences, allowing the tow, iregulet, 
‘cumulative advance stressed by the world historians” 

| wil not argue, however, thatthe conditions of fe forthe great majority of 
humanity improved more than incrementally over the very longterm ofthe 
premodern epoch f occasionally certain fortunate populations may have indeed 
‘gotten ahead” in shor, fMlorescent” bursts of elif limited economic growth, 
‘ort ofthe energy benefits ofthe technological innovation tha occured over 
‘here millennia was consumed by population growth that significantly surpassed 
that ofthe Neolithic We should also recognize that one society's growth through 
“territorial expansion” was another society's oss. Adam Smith wrotein The Wealth 
of Nations about the “readul misfortunes” that befell the societies ofthe New World 
fer Columbus's arial, and we nee to consider the roleof plunder and conquest 
shaping the economic fortunes of ancient empires, as wel as more modern states? 
Imperial ventures didnot necessarily contribute to the sum of human well-being. 
More generally the Malthustan trap of crganic economies may well have shaped a 
pervasive running n place, with societies gradually innovating an intensifying 
‘omy to malntain feast had ben known nthe past. And while mary socetes, 
particularly larg, powerful empires, were able to maintain large populations in 
reasonably ood conditions for many decades, even many hundreds of years, the axe 
Inevitably fell Populations and economies did “all behing. often catartropheally 60, 
collapsing in cilizational disasters that tore the fabric of history. 

But why id anclent societies fall behind? Why did ancient civilizations collapse 
{n rung? My second heretical proposition isone that Ihave come to gradually, 
after much puzslement. Here we nent tountangle te Malthusian trp from the 
‘Malthusian criss. For the past four decades, since the riseof the environmental 
‘movernent, the new school of environmental history has argued that intensification 
‘of premodern agricultural economies inevitably led to degradation, further 
Intensification, and eventual collapse Modeling its interpretation ofthe ancient 
‘and medieval paston the environmental critique of modern economies, dominant 
school of environmental historians has consistently argued that human populations 
~{n their multiplication and day-to-day will to survive have always been the 
fundamental rot cause oftheir own demise. Human history has thus been in tie 
‘account tale of recurring Malthusian crise of sustainability a tale that hasbeen 
‘mobilized as an cbject lesson fr our contemporary global circumstance‘ call this 
the endagenous mode! ~endogenousin the sense that allof thesignificant factors 


_at play wee structurally intemal to societies ofthe archaic agrarian world. Nature 
“acts” only as itis passively degraded, This endogenous model in environmental 
history is obviously a corollary ofthe economist’ Malthusianism, Both share 
‘primary explicit premise that archaic technological evelopment could not keep up 
‘with archaic population growth. Thus growing populstions pushed scities beyond. 
the limits of economic and ecological sustainability leading to inevitable “eolapse” 
‘Such is thetitle ofan important and infuentil book by Jared Diamond, who has 
‘most recently advanced this argument. Such degradations did take place and, at 
Diamond and others show, this dynamic id lead to the collapse of archaic societies 


‘Thus my second heresy is related tomy frst. Despite the Malthusian assumptions 
‘ofthe economists! psi that -all things being equal, and onthe basis of good 
evidence - ancient and medieval societies in reasonably robust ecologic! situations 
Were nustained fr considerable periods of time without running into fundamental 
constraints of technology, Incremental gains in population were matched by slow 
technological innovation: if minor shifts in rainfall brought localized famine and 
‘minor outbreaks of disease brought elevated mortality, societies soon rebounded. 
‘Contrary fo the Malthusian assumptions of many environmental historians 1 poit 
‘corollary all things being equa, archaic human societies did achieve a reasonably 
-ustanabie condition nthe “second nature” that human societies wove with the frst 
ature" ofthe preagricultural landscape |! 

Buta things were not equa. Neither the economists nor the ecologists have 
factored inthe role of severe exopmous natural forces Nature mattered, whether 
A soclety was standing patina Malthusan deadlock, advancing with some signsof 
economic growth, or siding into endogenous degradation. Abrupt cimate change 
‘was rea, and ha powerful impacts onthe fate of premodern human societies 
Agricultural and timbering practices certainly degraded soils and watersheds but 
it was generally in atajectory of deteriorating climate that these practices ed 
to civilizational crises. Sotoo new diseases striking unaccustomed ancient and 
‘medieval populations were fundamentally destructive Certainly many ofthe disease 
‘vectors in the archaic world were “domesticated” and ereentilly endogenous, 
‘ireulatingrecurretly around the large population centers in the Olé World But 
‘before they were “domesticated” they were “wild and it was thenew disease 
emerging at random outof the natural word and striking “virgin sll populations” 
‘hat had the most civilizationaly damaging impacts. Populations didnot crash and 
iiizations didnot topple at every minor rippin the climate r local outbreak 
of smallpox. But when they di, serious large-scale climate change and virgin sail 
«epidemics both exqgeous ores operating ata scale beyond the imagination and 
‘control ofthese societies have been at work Civilizational risesin the ancient and 


‘premodern world Goldstone's premodern crises, may have been conditioned by 
‘endogenous degradation of sustainability, but they were fundamentally driven by 
‘natural forces exogenous to human society? 

‘Both the Goldstone/Jones modelof"elorescences recurring” and my stresson 
‘exogenous forces can be assimilated tothe new model of ecological relience, which 
‘posit that natural and social systems evlve through adaptive cycles of expansion, 
‘rss, and reorganiation, with long-range curmlative trajectories. Resilience theory 
had its origins inthe efforts of eslogsts to think historically about ecosystem in 
an earth systems context, and in fact much ofthe discussion in this book to this 
point can be understod in ts terms But new forces come increasingly into pay. 
Proto-human and erly human societies were almost as directly impacted by natural 
‘ries as were animal and plant populations, but human-nessitself introduces new 
‘variables ofthe coordinating power of culture and then the state. Indeed it is an 
‘essential quality of humanity toremember and to predict, and to act to avert or at 
least deflect exogenous impacts, to extend and even transform the adaptive cycle 
‘This approach is driving an emerging critique of fared Diamond! popular model of 
‘collapse stressing the resilient reformation of social cultura, and political forms 
ln the face of serious challenges Most important, these forms involved increasingly 
sophisticated varieties ofthe state? 

Part It explores the human condition of ancient and medieval societies nthe 
‘wide space between the natural world and the sate Butts worthwhile thinking 
‘through the implications of thetwo interpretive pairings that Ihave here proposed, 
Telsclear that the economists stagnation model is inherently associated with the 
‘environmental historian’ endogenous degradation model:bothasrume a closed 
circle of causation: population growth inevitably transcends technological abies 
and local environments. Conversely the worl historians slow and episodic 
_owth/cumulative knowledge model” and the natural scents’ exogenous "rough 
“world” model share wild cart factors The world historians take human culture 
terlously, and the physical cientsts take nature veriouly On the surface, these 
two understandings ate in tension: the cumulative growth of knowledge and 
of economies - was episdically and savagely interrupted by the natural forces 
of drastic climate shift and “wild” pandemic. But perhaps one explains the other. 
Human capacities meant tha anciet and medieval societies with slowly rising 


the understandings developed forthe Palelthicpastby ames Boone and Stephen 
‘Shennan, and forthe recent condition by Robert Fogel Severe crisis mortality 


limited the curve of technological development, sharply reversing both the human 
‘capital and the population demands that have driven such directional change. A 
‘possible technological trajectory may have been emerging in ancient Rome, China 
‘Sung epoch, and late medieval Europe, but in each case crisis truncated x possible 
“efforescent” path toward the future Escaping mortality crisis between 1500 and 
{00 withthe fist rusiments of public health the capturecf primary productvityin 
Imperial extraction, and the shift to fossil fuel, northwest Europe aunched itself nto 
‘hat future atthe tum ofthe nineteenth century. Conversely, however, civilizational 
‘rss could sometimes play a role of creative destruction, clearing out cultural 
roadblocks that stood in the way of fundamental and cumulative change. Thus 3 
rior risis-that of the Black Death and an ongoing stress tha ofthe Little ce Age 
played formative roles in Europe's trajectory out ofthe Middle Ages, 

Inthe chapters that follow Itest the case for and against the endogenous model 
‘ofhuman stagnation inthe face of population growth, and the exogenous model 
‘ofhuman trajectories cut short by unimaginable natura crises Tost the stage, we 
‘ed to briefly sketch the broad parameters of population growth, climate change, 
disease, and socal and technological innovation over these four and ahalf millennia 
between the frst rise of the state and the devastation wrought by the Black Death. 


Population Growth and Dark Ages 


‘A casual glance at our shaky understanding of global population growth since the 
end of the Mlestocene ie ages provides a good starting pint for our discussion. 
‘Three points stand out Global population during the Neolithic certainly grew 
faster than during the Paleolithic, but the age ofthe archaic state browghta surge 

of population growth the Bronze Age doubled the Nealithicrate and periods ofthe 
tron Agemight have more than doubled that again (see Figure IL, Table iL.) By 
[AD 200, woe population had reached a total of roughly 250 milion, and the height 
ofthe Middle Ages saw more than 400 million people on earth Thusthe fist point is 
tbvious: ancient lobo population growth was tied tothe emergence ofthe archae sat. 
‘The second point is equally obvious and isthe tape ofthe Malthusian economists! 
approach: ancient and medieval populations and growth rates were minicale compared 
fo the exponential proliferation of peoples that began around 1750, and resulted inthe 
surgeto onebilion total global population by 1820 andthe present 7 billion level less 
than 200 years later. 


‘The third point isles obvious, particularly fone assumes simple, smooth curve 
‘of population growth. But population growth rates Between 3000 BC and AD 1800 
‘could not posit have followed o smooth curve Rather, growth rater were interrupted 
‘by devastating reversls:the population reversals ofthe Mack Desthof the 13005 
and ofthe plague atthe end of the ancient worl have been measured with some 
rough degre of accuracy eater reversals can only be guessed at. These reversals 


‘fundamentally deflected population growth trajectories. population had grown, 
atthe Bronze Age rate of.07 percent per year, t would have only slightly exceeded 
‘the actual increase through roughly 1600; 2.1 percent annual increase would have 
brought the word's people tothe onebilion threshold by AD 1200, rather than 
in 1820, Combining theserates-with a.07 percent annual increase from S000- 
1000 8 followed by 1 percent annual increase would have produced global 
‘populations almost twice the actual sie after AD 800, and reached the one billion 
threshold around 1700, Obviously this hypothetical tralectory mites the mark by 
hundreds of years. Word population increased incrementally before 1700, and then 
‘explode, with a massive acceleration during the twentieth century, And rather 
than smoothly growing through ime, human populations ~ particularly those in 
{he high-popultion, high-energy metabolism Old World scietier running from 
‘he Mediterranean and ts hinterlands east to India and China - were periodically 
reduced by devastating setbacks Such a model of arising and falling line of global 
‘population growth rates would refec at least seven setbacks -the Mid-Holocene 
transition, the ‘Akkadian crits of 2200-2000 BC, the terminal Bronze Age cist 
‘of 1200-1000 BC, the Homeric solar minimum of 700-500 BC, the collapse ofthe 
ancient world at AD 300-500 and the impact ofthe climatic Dark Ages through 
900, and the mid-fourteenth-century Black Death and the Little le Age cris of the 
seventeenth century (see Figure 1.1)#It ea much more walistic picture than any 
smooth and gentle curv of population growth. 

‘This model ofa series of cytes of population growth and cllapse probably 
bent describes the most fundamental pulse ofthe human condition nthe era 
ofthe Late Holocene. Ast haw argued forthe Palecitic, mortality cries that 
owed or reversed the rate of population growth had powerful cumulative effets, 
While certainly not as catastrophic asthe local extinctions that severely curtailed 
Paleolithic populations, these demographic reversals limited the curmulative 
‘expansion of population down tthe very dawn ofthe modern era 

‘With the exception of the Mayan collapse around AD 900, none ofthese massive 
setbacks feature nthe standard list of civilization collapses typically discusred 
bby environmental historians, who dwell on the unique drama of tn sland 
laolates ike the Greenland Nocse othe Easter landers” But archaeologists 
and historians of many schools have broadly described these as“Dark Ages," and 
despite its hyperbolic quay this term isa useful one" During these periods— 
‘usually spanning several centuries famine, epidemics, rebellions, and invasions 
‘singly and in “perfect stormy” disrupted societies, destroyed ancient polities, and 
‘reduced and scattered populations. Inthe interval economies, societies, palities, 
and populations restructured and recovered usually restaring prior status quo, 
ceasionally forging a significantly new configuration of culture and economy: Time 
and again, these reversals define the boundaries between long-ertablished periods 
{im the archeological and historical record. Thee “Dati Ages can be visualized az 
‘Punctuations inthe sense proposed by Niles Ekridge and Stephen J.Goul, the 


historical and cultural equivalents ofthe grat environmental punctutionsin 
eologcal time that drove ological evolution. 

‘The lements ofthis story are the fundamental forces of nature and culture, 
locked ina contest that we in the modern era seem tothink-or thought until very 
‘recently that culture had finaly won, Certainly culturein the form of agricultural 
Improvement and modem medicine has allowed to dodge global famine and 
‘devastating epidemic since the 1960s, inthe form ofthe Green Revolution and the 
‘campaign against AIDS Our ancient and medieval forbears had lessto work with, 
snd suffered the consequences. But as the world historians stress, ther cumulative 
efforts laid the ground for modernity and gradually improved - within sever limits 
the ods of thelr survival against the onslaught of natural forces. 


Endogenous Degradations? 


‘Thecolapse of ancient civilizations has been a topicof particular atentionof| 
environmental historians for the past several decades, nd nti relatively recently 
there has been a dominant interpretation: intensification of human economies 

lad to ecological degradation of local and regional environments, eting the 

‘age for civilizational crises. Such certainly maker sense from our commonsense 
observations of the modern word, and the histories of ancient peoples and places 
seem to provide a cautionary tale fr our present condition? Certainly such 
ogradations did take place forests wee cut down, soils were ost or salinized, water 
tables were depleted. And certainly human activity contributed o change tn reional 
‘cologies ax meanured in pollen stratigraphy and sedimentation, for example But 
‘hore human ‘ignals"~ax much as they altered natural environment did not 
necessarily mark the criss points of human existence. As Israeli archaeologists Arie 
lasar and Mattahyah Zohar have recenty put if, general swingingof the interpretive 
‘pnidulum is unde way: the face of new and precise studies by paleoecologist, 
profound ecological changes that until very recently were ascribed totheimpacts of 
human activity are now understood as much mare complicated processes in which 
tadual or abrupt cimate change played the more significant rle °° 

{Inthe folowing chapters, {consider the lassi cases where human degradation 
has traditionally been seen as causing the collapse of ancient civilization. The 
‘evidence for Mesopotamia, the Indus, andthe Mayan Yuestan suggests that at best 
human action interacted with climatic change In China and along the Peruvian 
coast, while deforestation was certainly problem, no scholar has ever proposed that 
‘human action contributed to the collapse of civilization. 

‘The debate over the relative ries of aman andnafuralforcerin the fateof ancient 
landscapes has ben particularly heated in regards tothe ancient Mediterranean, 
‘world from the Bronaz Age through th end ofthe Roman empire and this literature 
‘is worth reviewing hee. The environmental history ofthe Masiterranean wae long 


‘dominated by two controversial figures, Claudio Viex Fini and Donald Hughes, both 
‘of whom saw the hand of humanity ina decine of Mediterranean landscapes and. 
‘cologies.Inthelate 1960s, Vita Finzi a geologist, proposed thatthe sedimentary 
_srology of the Mediterranean was dominated by two massive features,an Older 
Fill deposited during the ie ages, and 2 Younger Fil sediments st loose by human 
action from the ate oman empire tothe Middle Ages. Hughes, an ancent historian, 
‘worked from Iterary texts to describe environmental decline atthe hands of ancient 
peoples; most recently he has focused in Pans Travail on the Greeks and Romans 
snd the decline ofthe Mediterranean Both ofthese interpretations have been 
challenged inthe past several decades, 

‘Ateam ledby geologist Tjerd van Andel set outin the late 1970s totest the Vita- 
Fina thesis ofthe Younger Fil inthe Greek Argolid region. Theteam refocused 
tention on the Bronze Age, where it argues that a series of erosional episodes 
‘an be detected. While the team's conclusion was that human activity” played a 
“predominant role” in ying down these sediments, it also added a new, perhaps 
‘counterintuitive explanation. Van Andel argued that as much asthe expansion 
‘of settlement, the decline of settlement also caused erosion. Thus the clearing of 
forest by agrarian households may have loosened soil deposits, but conversely 
theabandonmentof carefully constructed hillside terace systema in a context of 
depopulation would have had even greater effect John McNeilly examination of 
te mountainous regions ofthe Mediterranean similarly finds evidence for ecological 
change with the spread of agricultural societies, but no fundamental degradation in 
anctent times unless populations - and thus labor to maintain fed syster—wascut 
Aratially by war or epidemic dsease. Recent work in Highland Mexico and inthe 
Bronze Age Levant has arrived at similar conclusions, that sol erosion followed the 
‘collapse of large, soclally complex populations, rather than their emergence 

"Two major works published in 2000 and 2001, The Corrupting Sa, by Peregrine 
orden and Nicholas Purcell, and The Nature of Mediterranean Europe, by A.T. Grove 
and Oliver Rackham, have challenged Vita Finzi and Hughes point by point Inthe 
place of their human actors, these authors -as do ahost of recent paleoecological 
sclontst argue for broad continuities nthe ecologies of the Mediterranean, 
binging ona “great aidieation” corresponding tothe Mid-Holocene transition 
‘0f4000-3000 BC In their reconstructions, n addition to the Mid-Holocene global 
‘imate, unstable tectonics on the boundary between Eurasia and Aftica provide the 
primary explanation for a recent sedimentary history of sudden sll movement and 
sealovel change 

‘The episodic and local manifestations of sol erosionsin the Mediterranean, 
also speak against a general crisis set off by simultaneous crises of population 
and degradation jon Bint, once an ardent supporter of Vite Fins, now argues 
‘with many others for amore subtle approach in which human action would have 
accentuated trajectories set offby shifting climate patterns Heisemphatic that itis 


unlikely that “Bronze Age populations were ever igh enough in southern Gresceto 
have ost socal stability by soil nutrient collapse" In another review ofthe iterature, 
with an eye toward modern conservation efforts, Harriet D Allen summarizes 
|\common contensus among paleoeeologists that an older “ruined landscape" 
argument fora dry, sparse Mediterranean must be abandoned: rather than human, 
‘ction, natural forces have shaped the Mediterranean world =* 

‘There is no question thatthe advance of ancient human economies can be read 
Inthe geological and sedimentary record But visibility is not necessarily terminal 
‘degradation. There's a growing consensus among anew generation of sienific 
Scholars that until recently these economies were of ess significance than natural 
forces in shaping both landscapes and the ecological fate of human societies. Baring 
‘seat exogenous catastrophes, ancient peoples in aggregate were able to maintain 
‘reasonable balance with the natural world in which they lived their ally lives, 
‘meeting smallfoses with small improvements But nature ocasionally could act 
‘outside these limits, and the results were devastating to the human condition. 


Late Holocene Climate Reversals 


‘The rat among equals among there exogenous natural forces was tha of climate 
‘With the near complete dependence on agriculkure emerging from the global late 
‘Neolithic secondary products revolution the threat of crop fallure hung over human, 
societies In years of good, predictable rainfall, the people of viages and citer 
fared well and accumlated surpluses. But when harvests fell short these surpluses 
were consumed and hoarded by the more prosperous the por faced scarity and 
then starvation ifthe reach ofthe polity could not distribute grain among affected 
regions. If crop failures were general and persisted for as few as thee years, even the 
Prosperous would be reduced to eating their seed grain and slaughtering thelast 

of thelr livestock: before mass famine tok hold rebellions and insurrections could 
shake and even bring down ruling elites 

‘Thus climate mattered in these ancient and medieval societies. There were of 
‘course recurrent patterns of harvest plenty and crop failure. Studies have indicated 
that the eloven-year solar cycle affected the price of gran in medieval Europeand. 
‘that theresa close correlation between major volcanic eruptions, whose sulphuric 
‘emissions can force cool and wet conditions globally for afew years, and crop 
failure and famine *°On the grander scale, the archaic agricultural economies 
contended witha global climate shaped by cooler and drier northern summers than 
had been the aze before the Mid- Holocene Crisis. Indeed the trend toward cooler 
and drier conditions may have reinforced dependenceon agriculture, as reduced 
primary productivity madea gathering economy increasingly tenuous ifnot totaly 
[impossible across much ofthe temperate and semiarid northern hemisphere. 


‘Asthe Late Holocene opened around 3000 BC global climate had been reshaped 
‘by the retreat ofthe orbital precession cycle from its Early Holocene peak, asthe 
shift in the orbit and tit ofthe earth drew the focus of summer sla “inclation” 
away fom the northern hemisphere and toward the equator. This shift had two 
‘broad results affecting the emerging human majority along the tropics and in the 
northern latitudes First, asthe West Pacific Warm Poo cooled and the Intertropical 
Convergence Zone (ITCZ) and its surrounding Hadley ces moved south influence of 
the summer monsoons onthe northern mi-atitudes was reduced: from the Sahara 
to China conditions became increasingly arid After 3000 BC the southward retreat 
ofthe ITCZstrengthened the Walker circulation in the Hadley cel, reviving the El 
'Nio-Souther Oscillation (ENSO) system, with variable episodes of E1Niio and 

La Nitabringing rain and drought alternatively to American coasts andthe wider 
Indo-Pacific rim. In the north, the balance ofthe northern high and low-pressure 
systems known as the North Atlantic Oscillation and the Arctic Osllation (NAO/AO) 
shite from a more “positive pattern of weaker low pressure at Iceland and the pole 
and stronger igh pressure atthe Azores and along the equator toa reversed more 
“negative” pattern. The result wasthat winter westerlies in the Ferrel cell weakened 
and shifted south int the northern mid attudes, bringing winter rain and mowfall 
to line running from the northern Mediterranean into Central Asa offsetting toa 
‘mal extent the decline ofthe Early Holocene mega-monsoons (see Figure I.) 


‘Thus from 3000 BC the “modern” Late Holocene limate system was characterised 
‘yplealy by a south-rackingITCZ:an ENSO cycling between ENi#o, La, and 
Intermediate “normal” mode, linked tothe ebb and flow ofthe Asian monsoons; and 
1 generally “negative NAO/AO pattern. Over these past 5,000 yeas, the topic ofthe 
restofthis book, the weight of climate sclence suggests that global climate moved 
around a general mean condition between two extremes, characterized respectively 
by-on one hand ~lower solar irradiance, asouth-slumping ITCZ,acolder north, 
high ENSO variability, and weak monsoons andthe other hand -ahigher 
solar irradiance, anorth-riding ITCZ, a warmer north, lower ENSO variability, and 
strong monsoon. The actual documentation of these patterne through time ts well 
developed, i not without some dispute and certain gray ares. The fundamental 
drivers behind these shifts in climate mode are a matter of rest debate among 
historical timate scentsts, involving complex atmospheric movements af 
‘moisture, the impact of solar variation and volcanic outbursts Sorting these out 
lsprobably best leftin their hands As of now it would appear that all three were at 
‘wrk, though the tropical mechanisms ae in particular debate Generally, it seems 
Increasingly clear that cycles of thetwo extremes of warm (cold) north, weak strong) 
ENSO variability, and strang (weak) Asian monsoons since 3000 BC are driven by 
solar activity, with major volcanic activity providing an occasional triggering effect. 
(yetes in northern temperature shaped by solar variation area fundamental 
_partof this patter. The Bond ice raft cycle (measured by layers of debris dropped 
‘by icebergs in the North Atlantic) operates an roughly 1,500-year periodicities, 


‘pale reflection of the mach more pronounced Dansguard-Oeschger cle of thelater 
Pleistocene. The Bond cycles were weaker than the 2500-year cycle ofthe millennial 
‘Siberian High, which from the BMic-Holocene forward islet and directly linked to 
‘the solar Hallstatt cycle These “millennial Siberian Highs" have occured four timer 
since the end ofthe glacial Younger Dryas: 7000-6000 BC, 4000-3000 BC, 1300-700 
5c, and AD 1400to the nineteenth century Each millennial Siberian High overlapped 
‘witha Bond ice rafting event off Greenland, and there was oneie-rafting event 
intervening between each of the millennial Siberian Highs We have considered the 
first two of these major global event, what we can call the Early Neolithic and Mid 
Holocene Crises discussed in the preceding chapters. The history of he next 5,000, 
_yearsof human history would be shaped by the next two, which we can call the 
“reclassical” and Lite Ie Age Crises” (ee Figures 114, 1.3), 

‘The Hallstatt driven millennial Siberian High events had powerful effects acrost 
‘he entire northern hemisphere bringing cold “outbursts” acros Asa and Europe 
1s far south asthe Red Sen, These mint-glcil events aluo shaped climate in the 
tropics. (See my reconstruction in Figure ILS.) Resonances ofthe millennial Siberian 
High can be sen in monsoon proxies from Oman and inthe Cariaco vediments off 
Venezuela and indicate that during these strong northern coolings the ITCZ moved 
tothe south 2 tthe rame time, the Pacific Waller circulation apparently weakened; 
strong evidence suggests that E Nifios intensified with the strong Siberian High. 
‘Stronger El Nios contributed tothe failure ofthe Asian monsoon at did the winter 
Siberian High itself deep snows onthe Tibetan plateau would have shortened the 
continental summer heating that pulls the monsoons off the oceans and over the 
Aslan lowlands. Stronger EI Nios anda zouth-rding ITCZ both seem tohave been at 
work in reducing precipitation tothe headwaters ofthe Nile And across Eurasia 
themullennial Siberian High pushed the North Atlantic winter westries south and. 
then blocked them altogether, bringing erratic precipitation and then cold drought 
‘conditions to the semiarid lands supporting the mafcrity of global ancient and 
‘medieval populations, running from North Atiato China *® 

‘The pacing ofthe strong Siberian High and human history is particularly 
powerful Starting with the melt-water-asociated events ofthe Younger Dryasand 
‘7000-6000 BC the millennial Siberian Highs - with their ensuing climate optimume 
line up with critical passages in human material histor. Victor Lieberman has 
calle attention to these “strange parallels" az they operstedin the medieval and early 
‘modern Old World, but  propocea wider and longer pattern: 


12,200-9600 8C The Younger Dryas 

‘3600-7000 BC The Early Holocene Optimum and Eatly Domestication 
"7000-£000 BC The Early Nealthe Crise 
‘6000-4000 8C The Late Neolithic Optimum. 

4000-2000 8C The Mid-Holocene Crist and the Rise ofthe State 
13000-1300 8¢ The Bronze Age Optimum: 


1300-700 BC The Precacsical Crisis 
700 BC-AD 1400 The Ancient and Medieval Optimums 

‘AD 1400-1700 The Little ce Age and imperial Globalization 

‘AD 1700-The Industral evolution and the Modern Anthropocene 


(Other climate reversals would interven, including a mystery event at 22008, 
‘volcanic riven events at approximately 1645 BC, AD 536,AD 1258, andthe often 
synchronous impact ofthe Bond cycle and important variations inthe E Niio/ 
Southern Oscillation. At the isk of being labeled an environmental dterminit 1 
would venture tha these major climate events shaped strange parallels of global 
reach, driving the very diferent circumstances in which premodern peoples worked 
to maintain and develop their societies. The following chapters set out the evidence 
for this proposition. But climate share the stage with disease, sometimes in tandem, 
and we need to sketch the trajectory ofthe human microbial story during ancient 
and medieval times 


Disease and Epidemics 


By the time that the Gilgamesh epics were first written down, and probably well 
before they were first told epidemic disease was deeply entrenched in aggregating 
agricultural and protosurban societies. Three decades ago, Wiliam MeNell laid out 
the dynamics of epidemic disease in eay state societies in an account that has not 
been fundamentally improved upon.** 

Disease vectors that moved from animal to human populations required certain 
thresholds to develop into epidemic infecting large numbers of hosts, but not 
taling them off entirety. The need of «parasite to maintain a host population and, 
the ability of that host population to develop limited biological defenses led tothe 
taming, the domestication of wild” disease Disorders that probably destroyed entire 
“ilages inthe Pre-ottary Neolithic increasingly became childhood experiences, and 
pools of resistance to certain pathogens began to develop. 

‘Then, as isolated village societies became regional societies with emerging urban. 
‘centers, the ist of a sequence of disease conftuences developed. Peoples brought 
together from different paces in east ities brought with them theirloal diseases, 
‘and nti the rise of moder public health inthelate nineteenth century thecity 
‘became. gitering palace of death, as urban newcomers brought new disorders 
‘and died of established vectrs of disease. The growing numbers in these erly ities 
‘provided the thresholds for new disease mutations to takeold. second confluence 
followed the ine of trade out from the emerging cities: when the communications 
that had worked to homogeniae a disease po! within a civilization reached ou into 
‘neighboring nd further fing centers, it merged civilizational disease pools with 
mutually devastating renalts 


‘There wore atleast thee rising tides of such disease confluencein the archaic Old 
‘World through the fourtzenth century: launched bythe evolving linkages among. 
Bronze Age polities, linkages destroyed in the erly Iron Age and then redeveloped in 
‘more elaborate form in classical antiquity, and again collapsing nthe Dark Ages and 
then revived by medieval societies when the Black Death truck in the fourteenth 
‘century, As much a by trade, perhaps even more epidemics spread with warfare, 
‘This was a two-way street. As MeNell stressed in Plagues and Peoples, the garrisons 
‘onthe edges of empire, as much asthe communities of traders, spread the diseases 
‘ofthe centers of empire out tothe margins and into the periphery, presumably 
‘decimating previously isolated communities of farmers, herders, and even residual 
hunter gatherers. Conversely, military campaigns against distant centers repeatedly 
brought deadly exotic diseases across the boundaries of empire. We can indeed 
think about a suite of miseries - drought, epidemic, war, and armed migrations 
consuming humanity during certain unfortunate epochs”? 

Of course how much epidemic disease contributed tothe rt few crises ofthe 
‘World population isan open question because systematic evidence for disease 
Im antquit is extremely sim. Bat disease was certainly the fundamental agent 
‘of population collapres atthe end of antiquity and during the fourteenth century, 
tnd in neither case does climate ver to have played a fundamentally determining, 
role Very broadly, wecan suggest that during clasical antiquity disease emerged 
ss the primary driver of ciizational criss, and climate change receded somewhat 
{n importance. To some degree, this was a result of “short” human histories being 
fet within long" imate cycler classical antiquity and the Middle Ages both 
‘unfolded within the broad "optimum between millennia Siberian Highs starting 
{n roughly 600 BC and ending around AD 1300." But, when these twoconditions 
returned in the early modern ora, the resulting crisis during the seventeenth century 
~ devastating ast was - marked something new. certain Eurasian societies had 
developed new means of maintaining their numbers by enlarging their share ofthe 
_lobal economic pie, and by beginning to curtal ther mortality from disease. This is 
A story tobe tld ina subsoquent chapter, but itreminds us ofthe human response to 
the forces of nature 


‘and sustained “eMlorescences” some of which lasted longer than the entire history of 
the modern economy. Thus we need to follow the world historians here and consider 
the essential features of technological and organizational innovation in these archale 
secletes 


‘Tradeand the state require various forms of soft technology, most importantly 
systems of information and organization Larger numbers of people and things need 
tobe managed and mobilized The earliest writing systems in the Mesopotamian 
lowlands evolved from the seals that mercantile households applied to thelr goods 
sent into repinal trade. These evolved into the accounts of temples and from there 
to the recondsof early states, tracking the production and compensation of abor, the 
raising of taxes and of armies By the time of the Akkadian empire around roughly 
£2300 RC, the management of empire had generated a buremucratic division of 
suthoriy in which power was delegated infractions by a monarch to administrators, 
‘These administrators, tn turn, managed the cult that guaranteed ther place inthe 
Worl: the construction ofthe permanent monumental architecture that recorded 
the deeds ofthe king and the glories ofthe state And if some have seen the easly 
‘ate asa macro-paraite, feeding off the surplus ofan overtaxed peasantry, an 
alternative perspective suggests that life in an extensive and well-managed empire 
was somewhat more predictable, stable, and secure than life outside By the time of 
‘lanscal antiquity the legal and coercive reach ofthe empire ensured that regional 
‘markets functioned within ts domain, with the result that there may have been 
shortages of food, but rarely total dearth and famine.» 


‘Tradeand writing were plobal universals inthe rise of cilization, common tothe 
"New World a well asthe Old. But thre ky features of complex societies were unique 
to the Old World, and each brought an advantage that can be measured in energetic 
terms. Matals horse, and rotary power would all be fundamental to Old World 
economies in ancient and medieval times. The long-term consequences ofthese 
advantages took millennia to unfold 


[Ifthe pictographe writing ystems that recorded the details of monarchical 
power in Mesopotamia and Exypt had evolved from merchants sels the bronze 
‘metallurgy that sealed the power of the early state evolved from the ceramic glazes 
developed in the advanced poteries controlled by thove elite families Metal were an 
sbioltely fundamental departure from the technology ofthe pat. fmetal weapon 
‘were more impressive than stane weapons, metal tools were moe efficent The 
‘efficiency ofhand tool can be measured in their capacity toeut or maul a quantity 
of ratural materials in given period of ime and experiments with ston, bronze, 
and iron axes indicate that metals significantly more efficient in a eat one task, 
felling trees® Thus, while metal paved the way for mass warfare, it also improved 
‘the energetic ratio involved in work Les physical effort pert of work meant that 
‘the same nit of food could generate more wat, and the same unit of work involved 
a reduced wear on thebody, Thus metal tools must have brought something ike 


an energy revolution tothe human condition, where our uni of energy is stil the 
‘human engine Aethe production oftronze was perfected a the end ofthe third 
‘millennium, another energy revolution unfolded onthe Ponti steppes of Rusti, 
‘withthe domestication ofthe horse. Evenifsimply used as draft animal, the horse 
‘s potentially twice as powerful and twice ae fasta oxen ore aethe recondary 
oducts revolution proceeded there was another significant injection of energy into 
the Old World economic system” 

Ofcourse, when we think of ronae and horses we think of charit-mounted 
‘warrios. The Bronze Age was a particularly hierarchical world, one/in which 
‘the sudden invention of hierarchy after eons ofa relatively equalitarian human 
‘condition leo certain extremes Relying on tin and copper ores traded from distant 
and different regions its production was tightly tied to royal palaces that controlled 
‘that commerce. Only inthe ast centuries does it appear that bronze began to replace 
‘tone forthe cutting needs in agricultural households, andthe crises that overturned 
there palace economies around 1200 BC also undermined the production ofthe 
‘noble metal Over the next five or xx centuries, iron production slowly rose ofl 
the space occupied by bronze, andto lla hos of practical needs fr which bronze 
had not ben practical. from i more dificult to work than bronze and in ts cruder 
forms no more ecient, iron ores were much more widely distributed, and any 
‘eantralized politial control of metal was from henceforth impossible. ron thus 
univertlizd metal in Olé World economies, though given its rapid decomposition 
Inthe earth an the massive recycling of used srap, we will never know for sure 
‘when this happened. But iron clearly became the “democratic metal the metal of 
the workshop the ploughshare, and the massed formation of plebelan infantry. With 
‘only atl experimentation, iron could be transformed into the crude varieties 
‘ofstee, giving an even mare durable rurface and edge. If we giv credit to copper 
and bronze asthe conceptually revolutionary transition in technology, ike the 
‘conceptual revolution of earliest domestication, the development and spread of ton. 
‘was analogous tothe Late Neolithic secondary products revolution, when the fll 
“consequences of domestication had been realized. Just asthe Late Neolithic ssw the 
full realization of agriculture the Iron Age sw the ful realization of metals: these 
‘were the truly revolutionary moments in thes east economies And exactly when 
theron Age ended isa matter for debate Formally, it ended with the establishment 
ofthe clasical civilizations of high antiquity But for the onary household, the 
‘ageofiron may not have rly started until the Middle Ages, and lasted until the 
{Industrial Revolution ofthe eighteenth and nineteenth centuries 

‘The spread of ion and certainly steel for special purposes in the fst 
millennium BC must have contributed to an industrial revolution ofits own tie, 
Rotary action sa fundamental principle of al modern technologies. its earliest 
‘use wasthe wheel it seems that rotary power didnot spread beyond transport until 
‘heist millennium The frst application seems tohave been the rotary quer, 
system of round stones turned by hand that replace the reciprocating (back and 


{orth action of traditional grindstones, which date securely tothe fifth century 
8c, roughly the point at which iron had spread widely in ancient societies. Iron and 
more particularly steel tools, with their increasingly precise cutting and swing 
‘capacities, must have played roe inthe translation ofthe retary quern into a wide 
aay of rotary machinery. During the third century BC, an explosion of technical 
‘experimentation, veritable scientific revolution, in Hellenistic Alexandra produced 
‘host of rotary and hydraulic devices that relatively quickly made thelr way around 
‘he Mediterranean and east to China ™ Manifested mest importantly in irrigation 
systems (lke the Archimedean screw, the agiya) and in water-powered grist mils, 
the spread and elaboration of rotary power in ancient times was an energy revolution 
In its own right, certainly enabling the rapid rise of Mediterranean and Asian 
‘Populations, and probably contributing to an efflorescence” of several centuries of 
‘economic growth? for certain fvored peoples *° 

‘One has to wonder whether the per capita iron production of late medieval 
Europe was fundamentally higher than that of ron Age and classical societies, and. 
{ndoed whether medieval economies relly improved upon the classical standards 
ln many areas. Given the sis of classical metallurgists and inventors one has to 
wonder what would have happened if Greece, Egypt or Italy had been endowed 
with quantities of accesibie coal** However, classical Olé World economies as 
would be the medieval economies that followed - were indeed tapped in an organic 
energy source; there wasargid upper limit on their developmental potential *? 
‘Within these limits, the cumulative benefits of innovation were not insignificant 
‘The aggregate of innovations of governance and markets, metal and rotary power 
provided forthe citizens and subjects of empire a certain freedom from the absolute 
pressure of weather and disease faced bythe people ofthe small Stone Ape societier 
from which they had recently emerged. 


‘Freedom critical and loaded word here, however. f metals and rotary power 
relieved some ofthe burden of labor, empire shifted that burden nother ways 
Empires ancient, medieval, nd early modern were places of violently coerced land 
and labor, and conquest and slavery were the most severe of Adam Smith's "dreadful 
misfortunes" Some forms of slavery probably dated back tothe Neolithic, but itis 
‘most clearly associated with imperial states. roncaly slavery begins tobe visible 
Inthe ron Age, when acheap “democratic metal” was available to literally forgeits 
fetters Slavery would not be abolished until after the rise of steam power inthe mid- 
nineteenth century, and very broadly the replacement of one by the other suggests 
critical questions about the energy budgets of certain human economies. Evidence 
{for servitude and slavery in various forms can be detected deep into the past, perhaps 
as farbackaslate Neolithic stratised societies. Inthe Roman Empire st would appear 
that about a quarter ofthe lator force wae enslaved in tay moetly descended 

‘rom war captives reduced to slavery during the burst of empire building during 
‘the last two centuries BC. Eetimating the energy input ofthe sheer muscle power of 
slaves would bea dificult task, complicated by the fact that they would have tobe 


‘On aggregate, people of the ancient and medieval worlds did reasonably well with 
‘moderate challenges posed by climate, and they may well have resisted the rvages of 
routine ‘domesticated diseases. These were societies in stasis, but notin perpetual 
‘ris, They were, however, seriously setback by abrupt climatic change beyond the 
‘ale of routine memory, and by diseases to which they had never been exposed. 
Exogenous traumas, rather than inherent endogenous filings, lid waste tothese 
toclates 


‘Two proportions by noted scientists help to stitch together the millennia of 
(interaction of natural forces and human agency that have summarized here andin 
several of the preceding chapters. Theft s provided by a dissident cimatologist, 
ow retired from an eminent carver Here the causal arrow moves from culture 
toclimate. tn 2003, Wiliam Ruddiman published a widely read and provocative 
tile n which he argues that whale climate certainly deteriorated around 3000 
Ct id not do what twas scheduled to dot dd not continue to coo into the 
next glacial period ofthe Piestocene. Ruddiman contends that, given the orbital 
rocessional trajectory toward cooler global climates, the relatively warm climate 
‘ofthepast 5,000 years san anomaly that only canbe explained by elevated levels 
‘of atmospheric CO; and methane emissions detected in ce cores (see Figures LS, 
1.1) Hemaintans that if obitally forced climate patterns had fllowed the example 
of most previous interglacial, the period from 9000-7000 BC would have seen a 
‘maximum in lvels of methane and CO, and that these greenhouse gates should 
have not only declined as they did unt 3000 BC, but continued to decline untilthe 
‘resent, asthe earth sated nto the is stages of the next glacial period Ruddimant 
‘central an still controversial these e that the enhanced CO, and methane appearing 
Inthe climate cond can only have come from the spread of etl farming Ins 
‘acliest account, Ruddiman attributed the rise of methane and CO; tothe fist 
‘emergence of Neolithic farming: hehas since refined his argument to see this 
Increase coming with growing populations shaped by the Late Neslithi and therise 
‘ofthe Bronze Age tate especially in China, where rice paddy farming would have 
released increasing volumes of methane “Literally his argument suggests that we 
ld connect the fertility pulee population growth ofthe ate Neolithic with the 
Sst impact of anthropogenic greenhouse gases. Thus the climate since 3000 BC has 


been altered by human activity, placing usin the Anthropocene since the secondary 
products revolution and the rise ofthe tate. Ruddimans analysis has been forcibly 
‘made and defended, andit is gaining ground among many climate scientists 


‘Our second proposition isthe familar argument for punctusted change put 
forward by Stephen } Gould and Niles Eldridge. Joo Mokyr has suggested tht the 
ldrige/Gould punctuation model canbe useful in moder economic history, 
and here Isuggest that t helps explain the broad contours of human economies 
‘oughout the Holocene“? 


{nbroad overview is striking how punctuations in climate and culture have 
followed one upon the other since the end ofthe Pleistocene Firs, Early Neolithic 
‘domestication in the Levant and in central China followed the stresses ofthe 
Younger Dryas neaglaciation. Then, folowing the cold Siberian High conditions of 
the seventh millennium, culminating inthe gacal spike at 6200 BC, the secondary 
products evolution in Southwest Asa diversified and intensified the agricultural 
economy, The Mid- Holocene Crisis ofthe fourth millennium was followed bythe 
‘consolidation of the early Bronze Agestate The next truly major crisis andthe third 
epoch of Siberian High ~between 1200 BC and 600 BC-launched a technological 
revolution in the rise of iron and rotary power. Such isthe central pivot ofthe next 
two chapters. In the book final chapters I-with certain real eaveats~make another 
such argument: the emergence ofthe modern global industrial economy was 
rounded in the fourth epoch ofthe Siberian High, the Little ce Age that started in 
1400. 


While may be condemned for crude determinism, a strong case can be made that 
natural forces were a crucial part ofthe causal mix that repeatedly shattered the 
coherence of anclent systems of culture, clearing the way for new systems in cosmic 
acts of creative destruction tn the next three chapters, I discuss the sequence of 
there expansions and crises between the Mid: Holocene Crit and the Black Death, 
and make the case that on balance exogencus punctuations, rather than endogenous 
contradictions provide the explanation for the overarching pattern ofthe human, 
condition. 
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‘Demographic Transition and Beyond” AER 90 (2000), 806-28; Michael Kremmer, 
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12 Across these forty-four centuries, human sities can be divided into two broad 
‘atepories On one hand, large world populations inthe “monsoon belt" running. 
from a European fringe through North Africa, Southwest, South and East Asia and 
‘organized in tribute and military empires and petty bingdoms, had agroecologies 
‘based on grain monocrops and domesticated animals, which provided not only food 
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7 Optimum and Crisis in Early 
Civilizations, 3000-500 BC 


‘Thetwo and half millennia from 3000 BC to $O0 BC, one half of recorded human 
history can be described in terms of long global climatic optimum and another 
‘lobal climatic crisis driven by Hallstatt solar minimum. During this enormous 
spanof time, and despite their apparent diversity, world cultures marched in 
generally common patterns striking in thei evolutionary similarities. Many of 
‘these similarities were shaped by a common global experience of long stretches of 
relatively stable climate optimum ~and then roughiy simultaneous abrupt climate 
change I New Worl societies did not develop agriculture ~and epidemic diseases 
9 gute the same pace as dd those the Od Word, the pule ofthe global 
Bronze Age optimum and then the Preclassca Crisis moved global societies along, 
surprisingly similar tracks, 


‘The Old World Bronze Age: Expansions 
and Crises, 3000-1000 BC 


The Bronze Age encompasted at leat the fst two millennia of urban civilization in 
the Old World, During this long sweep of time, Old Word societies inthe Middle East, 
the castern Mediterranean Inia, and China developed amazingly enduring patterns 
‘of power and economy: With he apparent exception of Harappan india these were 
‘ocetes of strict hierarchy, based on concept of sacred kingship. Herethe priests 
‘i not spenk in the temple with the gods in the name and interest ofthe people; the 
king became a god and was the focal point ofall things Rather than evolving and 
‘changing, the Bronze Age systes simply intensified, becoming ever more elaborated 
‘and involuted. Their fate wasin great measure decided by ther environmental 
‘context. tn Indi, a slow fading ofthe monscons would equally slowly undermine the 
Harappan cities as their peoples gradually abandoned them for dispersed village 
{fe In China, wherea great criss of flooding forged the beginnings an ealy state, 
A broadly stable structure ofthe monsoon regime meant thatthe essential form of 
‘the Bronze Age polity would endure to the dawn of modernity. In most of Southwest 
‘Asia and the Mediterranean, however, the Bronze Age system eventually racked and 
‘crashed, and a world with fundamentally new and diferent features emerged, Let us 
‘bepn with this greater Mediterranean world. 

‘The chronologies ofthe Bronze Age of Mesopotamia, Egypt, and adjacent regions 
are remariably tightly linked! (see Figure 13). Very broadly, scholars traditionally 


divide these chronologies ino three sections an Early Bronze Agerunning toroughly) 
12000 8a Middle Bronze Age running to 1600 BC anda Late Bronze Age running 
‘to 1200 8C. Each ofthese periods has lear manifestations inthe various regions In 
Fgyptthey were the Old Kingtiom, the Middle Kingdom, and the New Kingdom; the 
gyptian Early Dynastic transition from the Late Neolithic was complete by 2650 8C, 
lunching the Old Kingsom, in which the cult ofthe pharach was fully established, 
‘manifested in the gest pyramids at Giz, built by 2500 BC. In Mesopotamia, an 
Early Dynastic of multiple competing Sumerian city-state monarchies was not 
‘consolidated until roughly 2330 BC, when the conquests of Sargon established the 
Aigadian empire. The grand monuments that lptimated these regimes were based 
‘onthe command of labor bya palace household «command that reached into the 
‘management of the economy at large. The royal places governed the irrigation 
schedules for much ofthe agricaltural production, and levied taxerin kind and in 
labor as tribute to the scred person ofthe king The royal households also managed 
Jong: dlatance trade as form of gift exchange among a brotherhood of monarchs; 
‘merchants involved in distant trade were royal officials whove purpose was toacquire 
‘exotic goods for the king and his dependents. Such trade involved arange of uxury 
‘commodities drawn in ong lines of trade with distant sources, sucha aps lal 
from Afghanistan, tn from Anatolia of amber fom the Baltic. Buti also invalved 
thenow ancient exchange between these two neighboring centers, and by 2600 BC 
‘mal ingdoms were emerging in the Levant along the trade rout between Egypt 
tnd Mesopotamia, and then north across Anattia? 


‘These trade networks would be elaborated in the Middle Bronze Age but twa 
Inthe Late Bronae Age after 1600 BC that they reached a lorescence, moving 
considerable cargoes, increasingly along the Mediterranean coast tn anorthern 
maritime extension ofthis system of trading polities, Minoan Crete emerged as 

an important power inthe Middle Bronze Age, vile Mycenae emerged asthe fist 
Important state on the coast of Europe in the Late Bronze Age, around 1500 BC. 
{Anatoli the Hittite kingiom emerged around 1650 BC, and quickly became 
‘Amajor power, sacking Aleppo and Babylon inthe 1500s The Late Bronze Age 
‘hus saw the establishment of a multipolar international trading system backed 
up by the competition of expansive empires Previously, the king's soliers had 
‘concentrated on defending the polity from nomadic intruders, and incorporating 
‘mal neighboring regions with promising resources into the realm; Mesopotamian, 
‘ulerssince the Uruk had engaged in such frontier defense and conquest. But the 
Hittite rads atthe opening of the Late Bronze Age anticipated acyce of aggrestive 
Imperial warfare to contra the space between the empires in the Levant By the 
1400, the Egyptian New Kingsom had launched empire-llding efforts that led it 
tothe borders of Anatoli and the hedwaters ofthe Euphrates, in what was the frst 
long-distance sustained mobilisation of armies of conquest * 


‘Thus the key slements of the contest for strategic pawer among formidable states 
‘were established during the Late Bronze Age ofthe grester Mediterranean. Commerce 


and warfare linked a network of states, each seeking to gather exotic resources and 
to-setthe terms of ther distribution Ifa care and periphery “world system" had 
‘ben fst launched by the Uruk around the Mesopotamia lowlands, it now extended 
‘overa vast terran. Diverse societies were involved inthe extraction, production, 
and trade in commodities that established forthe fist time something ikea market 
‘economy. The hierarchies of these trading ystems were interwoven with those of 
this new economy’ organization and ofits productive base. Long-distance trade 
‘was conducted by oyal households and production was managed from the palace * 
Indeed that production was carried on with little or no significant innovation, 
‘essentially on the technological base inherited from the Late Neolithe-Chaleaithic 
secondary products revolution. The wold ofthe palace an the world of the peasant 
were radically separated, with litle or no communication between the two other 
than toextratthe surplus I the shady, a weighted pivoting ple that lifts water 
‘buckets out of wells rivers, may have been a Bronze Age innovation, metal made 
its way into the ordinary household only wery slowly, inthe Late Bronze Age at best; 
Aint ickes were in se in Syria andthe Levant throughout the period, By the last 
centuries ofthe Late Bronze Age at ast n parts of Syria, exploitation of «bound. 
easuntry was reaching a breaking pont, and communities were eeing as refugees 
Into the wastelands to become nomads® 

‘Thus, Indeed, there are reasons to nuggest that internal endogenous factors were 
at work when Near Eastern/Maditeranean Bronze Age societies collapeed, which 
‘hay did spectacularly on three occasions These might seem tohave been cassie 
crises of sustainability in which ancient economies overran thelr resources, But the 
problem for an endogenous interpretation is that theve collapses were simultaneous 
and univertal, and there sample reason to argue that they were fundamentally 

ped by abrupt climate shifts toward cold and dry conditions 

‘After the Mid Holocene climatic transition ended in perhaps two centuries of 
severe drought, the dav ofthe Near Eastern Bronze Age had been blessed with 
several centuries of remarkably good weather: Indeed these good conditions of 
‘Bronze Age Optimum provided the stable platform upon which the new states 
‘tablished their claims to legitimacy and power:the new kings called for sun and 
‘in, and it was so. The Mid Holocene Crisis of 3200 BC to 3000 BChad seen intense 
rough from Kilimanjaro to the Nile and the Levant, final old outburst from the 
Siberian High, and apparently the reigning of EI Ni variability Inthe centuries 
following, the climate stabilized considerably: Evidence fr centuries of good. 
‘infal hasbeen found at Kilimanjar, the Oman coast, Jerusalem, the Dead Sea:the 
entire Middle Eaet saw a distinct moderation of climate "It was intheee bountifal 
‘ireumetances thatthe frst monarchs ertablishec ther rule the Mesopotamian 
sity-states and along the Nile (see Figure 13). 

‘These conditions lasted fora remarkably long time. But when they broke around 
£2200 8, the effects were catastrophic, in a general crisis that marks the Boundary 


‘between the Early and Middle Bronze Ages. The chronology is clearly marked inthe 
‘regions traditional chronologies and king ists. In Egypt, the bresks are conveniently 
abled the Intermediate Periods, periods of faming, rebellion, or invasion, and 
thebreaktown of pharsonic rue. Egypt's First Intermediate Period is dated very 
precisely to 2150-2040 B, ninety years tht saw four dynasties and as many as 
thirty-six pharaohs. Drought conditions recorded in both geological sediments and 
ancient texts indicate that this was no normal event, but a“Dark Age” Sediments 
‘from Italy tothe Arabian Sea mark the 2200 BC event as willy abnormal Inthe 
Arabian Sea, various markers for windborne dust fom the Persian Gulf region 
spike upand off the charts; an enormous volume of dust was deposited on Mount 
‘imanjaro in east Africa. Water levels inthe Dead Sea dropped tolevels not sen, 
since the 3200 BC crisis Lakes in Anatolia again dried up ~in one case for $50 years 
and Anatolian drought reduced the flow of water inthe Tigris-Eupbrates systems 
‘Stream flow inthe Nile dropped precipitously, matching accounts of drought and 
famine in Egypt's First Intermediate Period. The event ha even been connected 9 
‘band of narrow oak tre ings in Ireland, though ata date of 2354 BC.* Famine 
spread throughout the region and apparently revolts broke out; powerful dynasties 
ful, and for several centuries power was dispersed among miccestions of local ruler 
Entire districts in northern Mesopotamia and the Zagros Hills were abandoned, 
tnd refugees flooded into the southern lowlands, where rations supplied to temple 
workers were cut dramatically.” The recentty consolidated Akkadian empire was 
overrun in 2154 BC by the Gttians fom the Zagros foothills aftr the Akkaans 
had attempted to stem a ide of nomads and drought refugees with along fortified 
all caled the ‘Repeller ofthe Amorites" When the Guttans were deposed and local 
ower restore inthe Third Dynasty of Ur, the nomadic Amorites emerged again to 
‘conquer anid hold Sumeria. Inthe Levant and Upper Mesopotamia the Early Bronze 
Age towns were abandoned, and for several hundred years scattered village farmers 
abandoned wheat and olives fr barley and increased pastoralism.'0 

‘In Lower Mesopotamia, one ofthe great degradations of agricultural land began 
tounfold, Taditionaly, archaeologists have ascribed the ealinisation ofthe acent 
‘Sumerian farmlands to increasing irrigation driven by overpopulation. Asirrigation 
‘water evaporates, salts buildup inthe soil But the advancing salinization inthe 
‘Mesopotamian lowlands was caused -itnow appears-by a combination of refugee- 
riven overpopulation and the aridifcaton of the landscape, both af which increased 
the volume of irigation. The Impact ofthis crisis can actually be quantified in grain 
produced and calories consumed. Salinization forced a total shift to slttoleant 
Datley anda sharp dectine in output of barley per hectare! The Babylonian barley 
‘ation ist, record over 1,600 year, suggests that Guring both the 2200 BC criss 
and the subsequent 1600 BC criss temple workers received about two-thinis ofthe 
{food allotment that they had during non-<risis centuries (see FigureTL3). 

‘Why di this widespread drought at 2200 BC occur? There is no consensus, While 
‘teoincded witha Bond ice-afting event, it was off cycle relative tothe millennial 


Siberian High. Climate scientists have suggested that the 2200 BC crisis involved 
massive EINifio event: evidence from the Andes and the ocean off Peru points 
toamassive El No event around 2450 BC which would have shocked the Asian 
‘monsoon systems, bringing drought tothe western Pacific and southern Asa." 
‘While there are no clear indications of El Ni activity closer to 2200 BC, there early 
‘were droughts from east Africa nto Anatolia and climateimpacts in North America 
and on the China coast. Ificerafting off Greenlandis reasonable proxy forthe North 
‘Allanti Osilation, then this would have been a period of negative NAD, which 
‘generally weakens the Atlantic westerlies and pushes them south, as suggested 

‘by high ake levels in the Mediterranean and Central Europe. But ifthe westeries 
Were in the Mediterranean they were deflected away from Anatoli and the Levant. 
Somehow global forces would have lined upto bring severe drought to large parts 
‘ofthe global northern mid-atitudes* Whatever the explanation, the realty is 

the same. The Middle East and points beyond were subjected to a devastating two- 
century drought, far beyond the sale of any routine event. But the reassertion of 
thencient patterns equally rea: by 2000-1900 BC the climate had stabilized, and 
centralized rule returned to the societies ofthe greater Near East, broadly labeled the 
Midate Bronze Ageby generations of archaeologists 

‘The year 2200 BC was alsoa critica turing point for centersof Old World 
cfviltzation ying to the east, China, Japan, and Harappan indian China, the 2200 BC 
crise was manifested asa huge surge of flooding asthe East Asian monsoon stalled 
‘over the central plain andthe Yellow River-lepend has it that China earliest Bronze 
‘Age state was launched by the success of Yu the Great” in managing the control of 
there waters! (se Figure tL 4), This catastrophic loding may have been linked to 
A sudden shiftin the East Asan winter monsoon, which brings old dry winds out 
‘of Central Asa across China and Japan. Strong during the fourth millenium BC Mid- 
Holocene transition, the winter monsoon had waned during the third millennium 
Bc, analogous tothe Early Bronze Age optimum in southwest Ata This third 
millennium optimum had underveritten both the florescence of Longshan and other 
Late Neolithic cultures China, ae well as the pre-Neclithic potery-using mide 
Jomon culture infapan. Around 2000 8C i turned sharply colder, ax China shifted 
toward the dynastic state, and putting the Jomon into along decline that would end 
with the arvival of the rce-cultivating Yayoi around 300 BC."* 

‘Thestory in Harappan India was somevhat different (see Figure 1.3), The Bronze 
‘Age village and urban societies ofthe Indus Valley are something of an anomaly in 
that archaeologists have found litle indication of local defense and repional warfare 
would seem that the bountifl monsoon rainfall of the Early to Mid- Holocene had 
‘forged a condition of plenty for al, nd that competitive energies were channeled 
{nto commerce rather than confit. Scholars have long argued that theee rine 
shaped the origins ofthe urban Harappan societies, which emerged from Neolithic 
‘villages around 2600 BC. It now appears that this raingallbegan to slowly taper off 
‘nthe third millennium, at jst the point thatthe Harappan cities bepan to develop 


“Thuitsoeme that this “fist urbanization” in South Aca was the ital rerponce of 
‘the Indus Valley peoplesto the beginning of Late Holocene aridfcation These cities 
Were maintained for 300 to 400 years and then gradually sbandoned asthe Harappan 
‘peoples resettled in scattered villages in the eastern range oftheir territories, into the 
Punjab and the Ganges Vale. It would appear that a South Asian manifestation of 
the 2200 BC event, ifitindeed occured, would have played a significant rlein this 
abandonment 7 

{Im Southwest Asia andthe Eastern Mediterranea, the recovery from the 2200 
BC crisis would be relatively brief Climate in the Levant stabilized after the 2200~ 
£2000 BC criss ina drier mode, with less volatility but less ainfall.# The interval 
‘running for roughly 400 years to around 1600 BCis known a the Middle Bronze 
‘Age. It would be disrupted inthe eastern Mediterranean and surrounding regions 
byacataclysmic volcanic eruption, setting off second genera criss that marked 
the opening ofthe Late Bronze Age Exploding the itand of Santorinin 1623 BC 

25, the eruption destroyed the maritime civilization of Thera located there. The 
‘effect ofthis eruption were felt throughout the eastern Mediterranean, A tsunami 
rushing out fom the eruption decimated settlements around the Aegean anda 
rion from eastern Crete to the Mlle Delta andthe Sinai war blanketed witha thick 
‘oat of heavy ash. This heavy ash traveled southeast in the lower troposphere, but 
st the upper stratompheric levels the prevailing westeties carried a high cloud of 
serosls and small voleanic particles to the east, over Anatoli. The people of Thera 
were obitterated and the Minouns on Crete suffered massive destruction. Where the 
Minoan had controled the Aegean during the Mide Bronze Age the Mycenaean 
to the northwest fre and ciear of most of the effec ofthe volcano woul take up 
thirolein the coming centuries To the eatin Anatoli, the volanic aerosol clouds 
one geologistshas recently suggested blocked the sun tothe extent that crops 
failed and tree growth faltered. Perhaps t panied the Hitites, recently forged into 
‘nev Kingtom. In any event, soon aftr the Santorin eruption, Mitte armies began 
‘aiding to the south sacking Aleppo and then Babyton by 1595." 

‘The Santorini eruption and the Hittite raide were only two manifetations of 
‘wider disorder during the last decades of the Middle Bronze Age. Other groups of 
‘nomadic tradition, the Kasites, the Hurrian, the Hyksos, andthe Hebrews, were also 
‘onthe move. The Hittites sacked but didnot occupy Babylon and soon thereafter 
the tribal Kassites took control in Upper Mesopotamia and later moved south. The 
Hursians had emerged from the southern Caucasus mountains in iran around 2500 
1c, and had established small kingsoms in northern Syria by 1725 BC. Credited with 
‘ringing thehorse and light chariot to the Near East from the Pontic steppes, Hurrian 
‘war makingin the mid-1600s seems tohave pushed groups of Semitic warriors, 
‘merchants, and shepherds among them the Hyksos and Hebrew peoples south, 
into Egypt, where the Middle Kingdom pharachs,posibiy weakened by droughts 
and faming, failed to keep them out. The establishment of Hyssoskingdomsin the 
Datta around 1640 marked the onst ofthe Second Intermediate Period, which ended 


‘century later when Egyptian armies from Thebes tothe south pushed the Hyesos 
‘back into Palestine, inaugurating the aggressive war making ofthe New Kingsom.*? 
‘Tothenorth the disruptions of Hittite and Hurrian campaigns had repercussions in 
‘the ancient chain of trade running upto the Baltic vi the Back Sea and the Danube 
‘Valley. With contacts shattered, this trade closed down, and when it reopened it wat 
situate farther to the west, on anew line running from the Aegean tothe hesd of 
the Adriatic and over the Alps. This was «departure that would eventually lead tothe 
‘se of Rome! 


Disease must have moved with this swisting violent movement. Certainly 
‘pldemic disease was a great horror for peoples of Southwest Asia and the eastern 
‘Mediterranean well before this, probably since the time ofthe chaos ofthe fourth 
millennium. Then disease would have certainly followed commerce as traders 
‘moved goods overlong distances from center to center. But during the crisis period 
‘0f1700-1500 BC we start to get its of evidence inthe surviving recond Sometime 
before 1600 BC the black rat andthe bubonic plague are said to have arrived in 
Egypt from India, apparently folowing a chain of maritime linkage that probably 
‘originated in China #2 Then ina contested chronology there are the biblical 
Plagues astoclated with the Hebrews in Egypt; one hax been identified tentatively 
ss tularemia avirulent rabbit-bor infection to which a herding people might have 
been immune, but apparently not the Egyptians? 

‘Weave toassume low-grade regional transmission of disease, perhaps with 
‘devastating consequences, but limited by the small seal of contacts, rom the Early 
Bronze into the Middle Bronze Age. Then the increasing volatility of movement 
‘during the crits decades of 1650-1 500 BC brought together people from greater 
distances in greater number, and with them a larger load af exotic dente But 
‘would bein the Late Bronze Age (1500-1200 BC), after conditions improved and 
onder had been restored, that systemic international commerce and aggressive 
Imperial war making would have significantly increased the circulation of new 
Aiseases. The cate inking rising disease and Late Bronze Age trade is merely 
hypothetical, based on what would happenin centuries to come. The ase fr disease 
and war is based on the next furry of surviving accounts of epitemics.Duringthe 
‘mid fourteenth century BC, infected Egyptian prisoners of war are sid tohave ret 
offan epidemic bubonic plague? smalipen? among the Hittites in Anatolia “Then 
there seems to have been series of epidemics atthe turn ofthe twelfth century, 
‘Perhaps something on the order of pandemic. Homer's Iliad described a devastating 
Aiseae sweeping through Greeks besieging Troy (1250 BC?) Ramses V seems to 
have ded of smalipoxin 1157 BC, and, accondng to the biblical book of Samuel, the 
Diistines were truck bya plague at Ashdod after they defesed the Leaeites (1140 
1c?) and cased ofthe Ark ofthe Covenant These are ofcourse ancient tales (and 
‘ne pharaonic mummy), but they do suggest link between war and disease in the 
Late Bronze Age. 


{these ancient stories dotell us something of the conditions around 1200 BC, 
‘they hint atthe sal ofthe thind general crisis that bought an end tothe Bronze Age 
word, what am calling he Preclasica global criss. Disense must have brewed in 
langer cities and then moved withthe expansion of Late Bronze trade and withthe 
‘increasingly extensive warfare that accompanied that trade and that followed its 
‘collapse. Something dramatic clearly happened inthe ate thirtenth and the twelfth 
‘centuries. Quite suddenly, over pechaps a half century, the Bronze Age palace polities 
‘that surrounded the Mediterranean collapsed, and never recovered their ancient 
form. While the details have lang been in debate, the Bronze Age collapse larly 
Involved the movement of peoples down from the northern Balkans from Sardinia 
and Sely nthe west, and fom semiarid regions east of the Jordan. 


‘Some ofthese were pecemeal migrations others violent raids, Mycenae declined 
fom 1250 andthe palace system collapsed around 1190, te people taking refuge 
In htop forts on the mainland, on Crete, nin the Greek islands. Some ofthe 
Myceneans sem to have moved south to Cypras and the Levast coast, perhaps in 
alliance with roving "Sea Peoples” from the west. Starting n 1208 BC Egypt began 
an epic series of frontier struggles against ivading Libyans and Sea Peoples, While 
‘managing to defend the Nile Dita, Egypt had been essentially pushed out othe 
Levant by 1150 BC, where people resisting the extractions ofthe palace economies 
‘occupld the hills and forged the fst proto- trait communities Tothe north 
tn Anatoli, the now venerable empire ofthe Hittites collapsed around 1200 BC, 
wept into oblivion by Sea Peoples, famine, or rebellion. In Mesopotamia central 
state power in Assyria and Babylon waned, as they lost control ofa countryside 
Increasingly occupied by nomadic pastoralists, many coming from the mountains to 
theeast and beyond Between 1100 BC and 900 C, the ancient traditions collapsed 
to the extent that very few texts survive. By all accounts, the firm impression that 
settlements contracted and populations collapsed 2° 


‘The Preclassical Crisis and the Age of Iron, 1200-300 BC 


‘The Bronze Agen western Asia and the eastern Mediterranean thus camets an 
‘end in.a perfect storm of tribulations. But war, disease, and wandering peoples 
‘were the symptoms rather than the initial cause. Wet is agreed thatthe rigidity 
and oppressive extraction ofthe Late Bronze Age palace system contributed to 

‘he collapse, this was not simply aclas struggle. Nor wasita Malthusian crisis of 
overpopulation. Rather, earth system forces had 2 foundational roleinthe Bronze Age 
‘collapse. A convincing case as been made that an earthquake stm’ running from 
1225-1175 BC topped cities throughout the eastern Mediterranean” And climate 
‘change also played a key role in the longer and wider crisis that brought the Bronze 
‘Agetoanend. 


‘Thelast Hallstatt grand solar minimum had ended around 3000 BC and withit 
‘he millennial Siberian High that had made the Mid Holocene fourth millennium. 

so climaically stressful (See Figure II3 and. icbal model in igureIlSc)In 

‘he middle ofthe second millennium, the Hallstat solar minimum returned, 3 
“Preclasial Crisis" that echoed the fourth millennium Mid-Holocene Crisis and the 
seventh millennium Late Neolithic Crisis Ie was primarily shaped by along epoch 
‘flower solarinput running fom the fftenth century BCtothe eighth century 
BC, with deep minima a 1450 BC, 1000 BC, and 800 BC. These solar minima seem. 
te have pushed south both the Intertropical Convergence Zone (measured in the 
‘Caraco sediments) andthe edge ofthe northern se ic, manifested ina double- 
headed cycle of ice rafting in the North Atlantic running from 1400 BC to 650 BC and 
Peaking around 1300 8C and 900 8C. The Nii pattern seems tohave strengthened 
considerably around 1500 BC. These forces were compounded bya strong Siberian 
igh, with intial symptoms at and after 1500 BC and strong from 1150 BC to 850 
1c, which for centuries controlled northern and probably global climates, sending 
outbursts af old winter weather felts far south as the Aegean Sea and the Red 
Sea. Ava final bow, just atthe end ofthis Hallstatt cycle, solar insolation reached a 
‘minimum (the "Homeric" at $00 BC not seen since 2900 BC, followed by another 
slightly shallower minimum at 400 BC 


Inthe Mediterranean and into Ast, the effects ofthis prolonged crisis teem tohave 
brought another strange NAO couplet, suchas had happened inthe Ntid-Holocene 
Crisis: two periods of the negative mode ofthe North Atlantic Ocllaton separated 
by severe drought The NAO, as we have seen, comes in two flavor: na warm worl, 
‘the NAO hat «generally ‘positive mode” with warm winter westeries lowing to 
northern Europe; in a colder worl the NAO in ts negative mode follows the ITCZ 
south, sending reduce winter westerlies through southern Europe and the eastern 
Mediterranean into Asia. Such a castic negative pattern seems tohave pertained in 
about halfof the Precassical Criss. The ce-rafting cycle running from 1400 BC to 
(6508C was matched a each end by periods of high lake levels inthe Mediterranean, 
and central Europe, suggesting strong southern precipitation, and thus the negative 
‘mode ofthe NAO, Then, when the Siberian High intensified at 1150 BC, thes igh 
lake levels were interrupted, and evidence mounts for severe dry conditions in 
Southwest Asa. Conversely after both ofthe ast ofthe major solar minima ended 
and the Siberian High faded around 750 BC, the high Mediterranean lake levels 
returned and glaciers advanced inthe Alps, both markers ofa negative NAO. It would 
appear thatthe longer crisis was manifested in western Eurasia as along period 

of a peedominant negative NAO, as winter weststes moved south from northern 
to southern Europe fllowing the Intertropcal Convergence Zane, and then were 
Interrupted by thebiast of the Siberian High => 

‘The ist effects were felt in the north as early asthe 1390s, when coalingin 
southern England began to undermine Bronze Age settlements on Dartmoor leading 
‘wits permanent abandonment Precipitation at Lake Van in Turkey a good measure 


‘of steam flow in the Tigsis- Euphrates system, begun to drop tonew lows after 1300 
5c, and di not recover until oughly 200 BC east of Lake Van, Lake Tecer dred out 
forthe third timein 2,000 years Water levesin the Dead Ses plummeted to levels 
Wwellbelow those of the 3200 BC and 2200 BC crisis levels Around the Indian Ocean, 
precipitation onthe Oman coast and at Mount Kilimanjaro wasst highs around 
1300-1200 8C but then fel together, recovering around $00-800 BC; there appears 
tohavebeen a corresponding drop in the precipitation inthe Ethiopian Highlands 
and a Nile drought round 1200 BC Justto compound the situation, the mid-twelfth- 
‘century eruption of Hekia on Iceland (possibly connected tothe “earthquake storm" 
Inthe Mediterranean) probably caused a severe setback in the North Atlantic visible 
In frith oaktre rings around 1159 BC. As we shall se, the Preclssical Crisis also had 
formative impacts in China nd the Americas"? 


‘Theadvance ofthis col, dry climate has tobe a fundamental explanation ofthe 
‘demise of the Bronze Age ofthe greater Mediterranean. While around 1210 BC Egypt 
hha been able to wend grain tothe Hittites, who were already overcome by drought, 
within forty years a combination of warfare-driven inflation and drought let fod, 
shortages that around 1075 Bc fatally undermined the New Kingdom. Coder climate 
would certainly explain the debated roe of migratory peoples from the north-the 
Dorians--in the demise of Mycenae and perhaps even Troy Droughts presumably 
‘drove the Libyans to attack the Nile Delta and cold weather and droughts may wall, 
have played roe in setting in motion the Sea Feople raiders, apparently coming 
from Sardinia and Sly the frbears of pirate communities who would ravage the 
Mediterranean for centuries to come?! 


Recently dcovered DNA evidence supports one ancient tale of drought and 
migration. Acconding to Herodotus, the Etruscans f northern Italy had thelr origins 
Inthe province of Lydia onthe east coast of Turkey, where, after an eighteen year 
Arought some time during the twelfth century, alf the population emigrated by 
ship to Tuscany, Recent analyse of DNA from the modern inabitantsof an elated 
village in Tuscany and from Tuscan cattle breeds suggest a unique pate of Near 
Eastern origins fr both people and cattle” These Tuscan cattle breads are marked 
‘by an even more distant prior migration. Following each the great climatereversls 
‘ofthe Bronze Age s more evidence ofthe avval and diepersal of drought-reistant 
‘Indian Zebu cattle in Southwest Asia First aviving in the Mesopotamian lowlands 
after 3000 BC, they had spread to Syria and the Levant by the time ofthe crisis of the 
thirteenth century tothe welfth century the Tuscan cate bea the genetic mark of 
this Zabu migmtion. As they adopted drought-ceistant cattle, eastern Mediterranean 
‘people also adapted their architecture a study of domestic structures on Crete 
“suggests shift fom well-ventilated houses with outdoor hearths appropriate for 
year-round, humid, warm-o-hot climates to poorly ventilated houses with indoor 
‘hearths, suitable for drier, colder winters? 


(On the Russian and Central Asan steppes, there appear to have been two strategies 
Inthe faceof the advancing millennial Sberian High. Tothenorth and east, 
agricultural villages were abandoned for nomadiem, while tothe south irrigation 
systems were begun in what would become the great oasis centers ofthe Sk Road, 
‘Within several hundred years, the northern nomads had developed into tribes of 
‘warriors, among them the Cimmerians and the Seythians, mounted an horseback 
and armed with powerful compound bows, who began to harass the Eurasian and 
East Asian frontiers around 800 BC. Further south the decline of Assyria and Babylon 
‘was somewhat delayed relative tothe north, perhaps not commencing until 1150 
Bc, but the migration of nomadic peoples driven cut of the north clearly played a role 
Intheir collapse followed by the drought and famine tested in detailin surviving 
texts. Steppe warriors would shape Eurasian history forthe next 2,500 years, 
pressing on and compromising the primary Bronae Age states exposed to incursion 
fom Inner Asia 

‘Out of tis crits ron Age societies and eventually classical cvillzations would 
‘emerge. The ris of iron was a direct result of the collape ofthe palace systems. The 
royal households had continued to monopolize international trade, and witht the 
Jong.dlatance ow of tin and copper ores worked into bronze in centralized royal 
foundries. Asthetwelve-century criss brought this ritualized royal pf trade to an 
‘nd, the production of metal was severely threatened. Bronze became scarce, and 
leon began toemerge as an alternative Some scholars currently argue that serious 
tronworking had its origins on Cyprus around 1200 BC, following a wave of turmol, 
perhaps the arrival of shiploads of Mycenaeans or Sea People. ® Wider prospecting 
for tin and copper may have located iron deposits: the search for iron may alaohave 
found more tin and copper But the future lay with ron More ficult to work, 
tron deposits were nonetheless ich and well distributed unlike tin and copper. 

‘As romworking skills emerged, t increasingly became the metal of choice. Widely 
Aistributed, was more dificult to contro from central place, renulting ina wide 
Aispersion of iron production systems. Used occasionally during the ronze Age for 
‘ornament, iron became the uttarian metal, used for knives, hoes, picks, shovels, 
and plowshare, while swords and especialy ornaments continued tobe crafted 
from bronze. Techniques of hardening iron and converting iron into steel evolved 
Slowly. It would be hundreds of years, perhaps not until 700 BC, before ron wasin 
‘wide use, and inthe interval int remained in wide use at cheap and accessible 
‘means to a cutting edge, particulary in sckes.® But starting ax an unsatisfactory 
replacement forthe grand metal ofthe former age, iron and stel with their ubiquity 
‘and increasing strength and edge would radically advance humans abilities to 
‘manipulate the natural world around them. 

Iron was only the most obvious pat ofa wider complex of new elements to emerge 
in the wake ofthe final Bronze Age criss with the collapse ofthe palace systems. 
Merchants were freed from royal control, and became fr the fist time relatively 
‘ree entrepreneurs;ina certain sense the opening of thelron Age saw the is of 


-copitaliem in earlier form. Decentralignd metal production and autonomous 
merchants were both symptomatic ofthe collapse of centralized authority and of 
therise ofa proliferation of smal polities. In this context, asthe ancient Bronze Age 
‘enters were collapsing, smaller polities emerged inthe relative power vacuum, 
smaller polities with oligarchicarstocacis rather than divine kings. Some ofthese 
‘would evolve into variations onthe Greek polis, with ther great men and plebian 
households prosperous enough to mobilize sons and servants in mass levee asiron- 
‘dad infantry ready to defend the city-state. With the callapse of the palaces went 
‘the scribes and their ancient pictographc writing systems, gradually replaced by 
‘ew alphabetical writing systems more accessible to ordinary people, those ofthe 
“seater Mediterranean world and southwest Asia erupting ut of Phoenician origins. 
Religious historians argue that these centuries, an “Axial Age spanning Eurasia, 
sw the emergence of monotheistic word religious traditions framed by ethical 

nd philosophical traditions developed by cadres of clerics and scholars." And on 
thenorthern frontier, European societies rapidly developed, frst inthe vacuum 
left by the collapse ofthe Near Eastern world and then inthe thickening of rade, 
Increasingly weaving them into and actually shaping the economic fabric being 
configured by the smaller, more dynamic societies of the recovering Mediterranean 
Into new Iron Age word system of competing mperiums.”® 


Global View on Optimum and Crisis, 


‘This dscussion has focused on Southwest Asia and the eastern Mediterranean, 
Were at roughly 500 BC the Ion Age transition was poised atthe edge of classical 
antiquity. We need to~ unfortunately only briefly - consider the rest ofthe word, 
specially the growing populations of China, India, tropical West Africa, and the 
emerging high cultures of Mesoamerica. Here the story iunited bythe wider 
tropical climate system spanning the Pacific, the Caribbean, an the Central antic. 
‘Whieallof the connections are not entirely ler, it would appear that trans- 
Pacific fluctuations in the Intertropcal Convergence Zone, combined with the 
Hsing pulse of ENSO variation inthe Late Holocene, gave sll three ofthese regions a 
‘common hythm, Redeveloping after the Mid-Holocene transition, the ENSO system 
dominated the basic conditions oflife forthe peoples of the wider Indo-Pacific 
region and the Atlantic tropies While conditions were not precisely coterminous, 
se climate teleconnections and local conditions determines the timing of regional 
‘limate change, the pulse of climate around the Pacific Rim seems to provide the 
‘asic chronological framework for the fortunes ofthese societies and civilizations. 
‘While the evidence is still somewhat sparse strong case canbe made thatthe global 
tropics feltthe impact of the Hallstatt solar cycle andthe Precassical Crisis, witha 
cold notth aligned with droughts scrote southern Aca, and extremes of EL Niioand 
{a Nia assauting the west coast ofthe Americas 


According toall ofthe proses, the El Nio/ Southern Oscilation seemergedin 
‘the conturies after 3000 3C (Figure IL strates only one of several similar 
‘estimates It may be thatthe 2200 BC erisis was caused by EL Wifi: the 2200 BC 
‘event wae manifested around the Indo-Pacific in diferent ways, all uggestve of 
‘the rsing influence and volatility ofthe El No patter. * In South Asa the result 
‘was continuing declines in the volume and duration of the summer monsoon, and 
‘by 1900 BCthe Harappan cities ofthe Indus Valley had faded awayin the face of 
intensifying droughts In northern China, this criss registered in the beginning of 
‘the massive looding (and esld winter mansons) that launched the career othe 
‘perhaps mythical "Yu the Great” and opened the path to Chinese state formation. It 
asin this context that bronze arrived in China, moving down intothe Central Plain, 
from metal-using cultures onthe eastern Eurasian steppe! (See Figures 11.3, 11.4) 

‘The st reemergence of EI Niio conditions at roughly 3000 BC had brought a 
bounty of cold waters and maritime resources tothe north cout of Peru, allowing 
the emergence of the cotton pre-ceramic societies, which grew to considerable size 
without benefit ofthe New World staple, maze. Then after 1800 BC, rising EINio 
precipitation and later La Nita droughts (marked by a great spike inthe Cariaco 
record suggesting a sharp southward movement of the CZ) seem tohave pushed 
there societies tochange. Ina transition into what is known asthe ntl Perio, 
socletes on the northern Feruvian coast and othe south adopted male, ceramics, 
and irrigate cultivation. The great pe-ceramic sites were abandoned, and smaller 
settlements wer established away from the coast in inland river valleys? Across 
the Pacific to the west, Polynesian migration from China and Southeast Asainto the 
‘central and eastern Pacific might well have been driven episodically bythe westerly 
winds during EI Nifo-dominated epochs, the ist coming with the rising ENiso 
Winds after 3000 BC, and the second with the rising El Nio of the Precassca Crisis, 
roughly 1100 8-4? 

‘in China the ently Xa/Extitou polity lasted mughly 30 yeas, rom 1900-1600 
8c, when it wa superseded by one of is many rising competitors, the Shang, 
_Renerlly seen as the frst major statin China. The fing of Xia/Eritou established 
anenduring pattern: here and forthe next 3,000 years dynastic changes would 
‘coincide with epochs of filled summer monsoons (which should bring rainfall) and 
Intense, cld ry winter monsoons (ee Figures I, It S).Climaticaly, these 
‘monsoon flues varied with the ebb and flow of the ITCZ ax measured across the 
Pacifica the Cariaco basin in Veneels, suggesting a wider systemic connection. 
pochs of monsoon failure weakened the power and legitimacy of the Chinese 
polity, not unlike the way periods of ow Nie lsopossibly ENSO drivenin part) 
‘undermined the Egyptian polity. Tax receipt fell,poverty and famine spread, 
‘ebelions broke out, and ising smaller states saw the opportunity to strike against 
‘the hegemonic imperial state Cold imate would also bring incursions of northern 
‘nomads into the Chinese heartland. Conversely, good monsoon conditions allowed, 
‘the Chinese state to prosper and for ice and millet agricultures to spread tothe 


‘north and the south The Shang dymasty enjoyed 500 years of success until the 
‘onset ofthe Preclassical Crisis, when an epoch of strong winter monsoons starting 
round 1150 BC apparenty contributed to its gradual weakening beforeits final 
‘conquest by the Western Zhou in 1050 BC Carrying this analysis forward the Zhou 
‘wa the preeminent power in central China fr nearly 600 yeas of rearonably good 
‘monsoon conditions until 475 BC, when the beginning of two centuries of intense 
‘winter monsoons launched the period of Warring States With the improvement of 
‘monsoon conditions two anda half centuries later, frst the short but pivotal Qin 
‘dynasty (221-207 BC) and then the long-enduring Han began to unify China. The 
Han dynasty lasted until the next major failure ofthe monsoons around AD 220, 
with a brief interval of isis (the Wang Mang interegnum) st AD 9-24, exact ata 
briefburst of cold winter monsoons. The pattern would recur throughout Chinese 
history uni the fll ofthe Ming dynasty in 1644.4° 


‘Along the South American coasts, and increasing) into the interior valley, the 
‘peoples ofthe Andean “Initial Period” were similar stressed by the Hallstatt- 
<diven Precasscal ris, here manifested in arising intensity of EL Nio/La Nisa 
variation (ne Figures 11.5 13, I). These impacts wee to have peaked 
butween 1000 BC and 700 BC, when massive bach ridges were formed by mega EL 
Nios - compounded by highland relaciation and even a tsunami shattering the 
remaining coastal settlement and driving a general depopulation. Andean recovery 
‘ame in what is known asthe Early Horizon of $00 BC to 200 BC, with growing 
populations now protected by large fortifications In this Early Horizon context of 
‘competing chiefdom societies, a wider integration was forged inthe grea ritual 
‘phere ofthe Cavin, circling cult of supernatural jaguar: Ina manne broadly 
analogous to that ofthe Chaicolithic interaction spheres of fifth- and fourth- 
millennium Mesopotamis,theze societies managed complex irrigation system in 
nari climate, moved goods on herds of pack animals-amasrather than donkeys 
~and erfted an elaborate ornamental metallurgy from copper, iver, and gold. It 
‘ight wellbe appropriate to compare the Chavin tothe Axial Age word religions 
that were emerging in the Od World Iron Age societies. The Chavin phere reached. 
‘te peakof influence in a period of intence drought between 400 8C and 200 8C, 
providing as did ater Andean empires a system of geographical connection acrost 
regions beset by unpredictable droughts and floods. As the droughts faded, new local 
powers emerged. As was happening at precisely the sametime withthe Han in hina 
‘and the Romans inthe Mediterranean, centralized, militarized states of the Peruvian 
“Early Intermediate” period ~ Moche, Nasa, and Thwanaku ~developed around 200 
act? 


‘In Mesoamerica, a mild version ofthe global Precasscal Crisis had important 
Impacts and the sequence of cultures was again strikingly similar. Therising 
Precassical pattern of ENSO activity seems to have reached the region around 1500 
AC, bringing shifting patterns cf rainfall nd benefiting 2 few important regions!® 
(gee Figure.) The effective exploitation of maize began during the Early Formative 


«round 1500 BC, with growing villages and populations, especialy in the central 
‘highlands and on the gulf coast. By 1200 BC, ina rough parallel tothe Cavin, the 
reat Omer pilgrimage sites onthe gulfcoast began to providea relgiousintegration 
‘of large reaches of Mesoamerica. Olmec civilization went into decline by 600 8C 
and, as in the Andes, China, and Rome, emerging militarized city statet-most 
Important inthe valley of Teotihuacan emerged to dominate Mexico by 300, 
1c-4* In North America the impacts of the Preclasscal Hallstatt and Siberian High 
‘were more obvious, withthe decline ofthe relatively sizeable Late Archale societies 
between 1200 BC and 800 BC. When the Early Woodland stabilized, too developed. 
an extremely wide-ranging interaction sphere, fistinthe Adena and then the 
opeorell cultures, which managed burial cults and a widespread trade throughout 
‘eastern North Amerien 5° 

Ifthe rise and collapse of centers and polities in China and the Americas seem to 
have been shaped by the Pacifc-wide pulsing of ENSO, circumstances in India and. 
‘West Afrca comprise a second remarkably similar pairing, n which the impacto the 
lobal PrecasscalHalstat Criss of around 1300-700 BC can be detected, In both 
India and West Afric, ion-using agricultural peoples advanced east and south into 
nforest regions, pushed by increasingly dry conditions tothe north. These were 
Uterally legendary migrations 

In nda the migrating peoples are known asthe makers ofthe ‘Painted Gray 
‘Ware’; they develope ironworking shorty after 1000 BC (se Figure fIL3), The 
authors ofthe Vedic texts, these peoples have long been reputed tohave been Indo- 
European speaker, poriby the outcome fa fusion of Harappans with horse 
sing warriors from northern iran (possibly kin tothe Mitan-Hurrians who started 
migrating toward Mesopotamia and Syria around 2500 BC). The origins ofthese 

matter of intense debate bu these origins are not ealy critical here, 


‘old snow-covered land suzfacesin Tibet, these peoples occupied the entire Ganges 
‘Valley by 400 86.** 

‘West Africa ruffere a similar desiccation between roughly 2000 BC and 500 RC, 
driven forthe most part by cycles of ie rafting that cooled the Atlantic frm 2700 
1900 BC and then the Prelassical Siberian High of 1200-700 BC* (see Figure} 
Asthe Sahel shifted further south, Sshelin herding peoples began to workthe edge 
ofthe rainforest more intensively, adopting and fully domesticating plants cultivated 
and harvested by forest peoples, most importantly yams, groundnuts, and oil palms. 
(Copper and then ironworking spread through the region after 800 BC,and together 
‘he yam and ron tools and bananas that recently had spread from East Aftica— 


Human Health in the Bronze Age Optimum 
and the Iron Age/Preclassical Crisis 


‘Atthisjuncture it may be wise to review what tle we know of human health 
‘between the fist rise ofthe state andthe close ofthe Prclasical Crisis. Here We 
‘will concentrate on Southwest Asia and the eastern Mediterranean Paleoblologists 
te closely examining skeletal evidence from the Bronze and ron Ages, andi we 
have no grand synthesis, general patterns are emerging Iti clear tha four broad 
rameters shaped health across the 2,500 years the Bronze and Iron Ages. First, 
‘dependence on agriculture in increasingly crowded circumstances was pervasive 
realty, Second, these were steply stratified societies, in which access to resources 
sand nutrition must have varied drastically by class and caste. Third as we have 
‘ean, there are sketchy and scrappy suggestions that epidemic disease expanded 
‘onalderably with commerce and warfare during the Late Bronze Age and the Criss 
‘centuries, with the rising circulation of peoples and commodities. Finally, there 
the climate, which can be summarized baldly aa mild Bronze Age Optimum deeply 
fured by three reversals, the final one of which le into the Peclassical 800-year 
‘epoch of coder, drier climates 


‘The evidence on population density and agricultural dependences somewhat 
ambiguous. Bronze Age skeletons from the greater Mediterranean suggert an 
Lmprovement of general conditions asthe Neolithic gave way tothe Early Bronae 
‘Age (ee Figure 16). n Egypt, in western iran, and in Greece and western Tutkey, 
‘men and usually women increased in stature from the Neolithic into the Bronze Age. 
Similarly in Egypt dental markers of nutrition stress were relatively high inthe Late 
"Neolithic Predynastic, but el in samples from the early Bronze Age and the Middle 
Kingdom. * Further out onthe Eurasian Bronze Age periphery, peoples in Britain, 
Denmark and on the Latvian plains stood between 171 cmand 172cmin height, 
while men in Egypt and the eastern Mediterranean hovered inthe high 160s. Dental 
health declined considerably, strikingly in Britain, where heights increased from. 
‘the Neolithic > Samples from early dynastic Shang, Zhou, and Han in Ching, with 
tooth los and shrinking stature, suggest decining health. In Vietnam, te transition 
‘rom Neolithic to “Metal Age cultures aw a sharp increase in evidence for infectious 
<isense, Conditions in Harappa appear to have been considerably beter than the 
‘conditions in either China or Vietnam.”® Some ofthe incresee in dental carer can 
‘be attributed paradovically to improved cooking methods and new foods ike dates) 
‘hat let corrosive sugars on people teeth >” Increasing numbers of Harris lines 


‘might suggest increasing childhood malnutrition, but the considered opinion it 
that reflects the increased likelihood that children were surviving weaning and 
then seasons of food scarcity and borderline starvation. In Egypt, maleand female 
‘ature declined rom apeakin the Early Dynastic through the Old Kingdom and the 
‘Middle Kingdom, suggesting that rising stratification increasingly imited mtriion 
available to ordinary people*see Figure I 6) In one Mediterranean-Middle 
astern sample elite men were larger (as determined by skull measurements) than 
‘commoners; at Mycenae, men and women buried in the royal tombs weretalle than 
those buried in more ordinary burials 5° Thusit would appear tht these populations 
‘weathered the transition into the ear state with varying results, living increasingly 
Physiologically stressed ives in patterns that suggest that food was not shared 
‘equally in these stratified societies 

‘As for epidemics, the archaeological recor is opaque. There appear tohave been 
‘no mass burials of plague victims recovered archaeclogially, such as are found 
In medieval Europe during the Black Death. A dstinct op in signs of skeletal 
Infection between the Neolithic and Bronze Ages in Ian (30 percent to 3 percent) 
‘may represent the impact of quick and sudden death from new diseases during 
epidemics, which would not have allowed time for lesions to developon bones 
Tranlan Bronae and iron Age sills show a high evel of bony damage to the inner ex, 
pethapa evidence of severe infections from measles or the common cold ®° But ifthe 
sncfent texts ~and common logic - suggest that epidemics may have been onthe rise 
Inthe Late Bronae Age and into the Crisis, archaeological confirmation is apparently 
lacking. 

I we do take these txts somewhat rerously, however tis interesting that a 
cluster of reports of epidemics during the twelfth-century cri followed by a 
long silence until the eighth century, when Phutarch reported an epidemic striking 
‘central Italy. The one exception to tis gap in epidemic report come in 1019 BC, 
‘when the ieraelites were struck by an epidemic * This epidemilogical gap certainly 
can be explained by literacy gap the primitive Early on Age was not atime when 
‘very much of anything was written down. It could alsabe the case that the reduced 
commerce and reduced long-range warfare -of the Earty ron Age gave the peoples 
ofthe greater Mediterranean a respite from the nslaught of disease Ifo, this does 
‘ot mean that their health circumstances wee particulary good. Throughout 
‘western Eurasia during the ron Ag, the skeletons suggest that populations were 
somewhat shorter and les healthy than their Bronze Age forebears From Britain to 
tran, virtually no sample of ron Age men reached aheight of 170 cm. In northeast 
Hungary where Bronze Age and Ion Age samples have been carefully compared, 
tale height rose slightly from 168 cm to 160 cm, while female height fel fom 157 
emo 154m, and theres “substantia?” evidence of anincrease of signs of poor 
healt, including Harvslines, caries, tooth oes, and various signs ofanemia®? In 
(Greece, eves of strontium and zinc in bones dropped between the Late Bronzeand 
the Early Iron Age, suggesting that trations of coastal fishing were abandoned as 


pirates and raiders made venturingon the sea too dangerous" On the other hand, 
in atleast one well-tudied context, the transition tothe smaller societies ofthe Iron 
Age, health clearly improved In Britain, f individuals were somewhat shorter, they 
hd strikingly ower rates of poor dental heath, anemia, and Harris ines than did 
‘either the preceding Bronze Age orthe succeeding Roman occupation * 

‘Thus f indicators of health continued tbe poor, they didnot completely plummet 
‘withthe transition from the Bronze Age tothe Iron Age. Itmight be suggested that 
various influences were working against each other asthe powerful Bronze Age 
polities collapsed, On one hand, the Bronze Age polities may have provided a certain, 
level of food security and physical safety;on the other, their rising tide of commerce 
‘nd warfare carried with tthe threat of epidemic. The smal lsolated communities 
‘ofthe Early Iron Age were exposed to constant local raiding andthe impossibility 
‘of resupply in the case of crop faire; they were also probably less exposed to exotic 
‘seas, and in more equaltarian societies there may have been fewer stresses of 
stratification. Then, of course theres the issue of imate. During the course ofthe 
Bronze Age, the crises at 2200 BC and 1600 BC certainly must have caused centuries 
‘of health trauma and depopulation. There are hint inthe skeletal data that the ong 
epoch of cold dry and eratic climate had a particular impact on health. Here the 
evidence of coved, poorly ventilated iron Age domestic structures on Crete seernt 
particularly clear Cold weather by itself was not necessarily the health hazard, 0 
‘much as the specific living condition during such weather. Airless houses, crowded 
with people and thetr animals and thee various wastes, with fires constantly fling 
rooms with smoke, would have degraded severely the health of their occupants, 
Such conditions would have been set in pattern of crowded walled villages, 
fortified against the rsing tide of ron Age aiding and piracy to which Thucydides 
bore testimony Ifthe collapee of long-range rade and war might haverelieved the 


circulation (and colonizing warfare), asthe Prelassical Hallstatt waned after 700 
Bc, brought the spread of epidemic malaria from North Aftica int Scty and then 
southern tay? 

‘When the Prclassial Halstatt/Sberian High waned, imperial systems began 
‘twreemerge and toattaina scale and durability not seen since or even during the 
Bronze Age, starting with the Neo-Assyrian conquest of Babylon and then Egyptin 
‘the seventh century. The two millennia that fllowed would be shaped throughout 
‘the Old World, and alsoin the New, by such massive imperial hegemonies:the Medes, 
the Persians, the Seleucid dynasty, Parthia, Bactria, Maury, the Han dynasty the 
‘Roman empire, the Moche, the Nasca,Teotwuacan the Maya, This would alsobe 
‘an epoch united by climate, and the imperial systems ofthe ancient world crashed 
{n spectacular ruin between AD 200 and AD 500, when rising ENSO intensity, 
‘Asian drought, and an inter Hallstatt ice-afting ca cyte interrupted thebroader 


Ancient-Medieval Optimum. But inthe longer scheme of things the relatively good 
eather persisted until around 1280, and the next millennial Siberian High launched 
the Little ce Age decisively at 1400, Outside parts of the medieval tropics, the two 
millennia ofthe ancient and medieval worlds would not eee the truly devastating 
‘imatic shifts that had marked thetwo millennia of the Bronze Age. 


‘But in the Old World, this long optimum would bean epoch of devastating 
pandemic. Twice during this millennium the Old World sufere great punctuations 
‘ofeulture and population, punctuation riven not primarily by climate ut by 
‘epidemic disease And each time these assault struck relatively stable reasonably 
sustainable societies advancing moderately within the limits ofthe organic economy. 
‘These epidemic assaults argue, were as systemically exogenous as were the great 
‘imate crises that periodically had brought down Bronze Age civilizations. Like the 
‘ina Bronze Age crisis, the final medieval crisis brought a creative destruction to 
‘human cultural, socal and economic systems, opening the door tonew directions. 
‘And throughout, human health and well-being wat shaped in complex ways by the 
hierarchies of imperial and regional economy as well as by ragimes of climate and 
seas. 
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8 A Global Antiquity, 500 BC-AD 542 


‘The Problem of Growth in Antiquity 


‘Throughout global prehistory during the as four millennia BC the trajectory and 
pulse of timate change provided one ofthe Fundamental variables in the human 
‘condition, establishing the Boundaries within which fe was conducted. Under these 
conditions, its safe to say population growth rarely came near to overwhelming 
local resources In genera, however, populations did grow, particularly in the Od 
‘World centers running from the eastern Mediterranean to China. Here obviously 
the slow, incremental advance of techno-agrarian adjustment ofthe inheritance of 
the Late Neolithic "secondary products revolution” played «fundamental oe, 8 
light improvements in material culture allowed populations to expand slowiy but 
Inexorably the trajectory oftheir increase regulary set backby natural disasters of 
‘various sales. The net result seerast tthe economists model ofthe Malthuslan 
stalemate-by this account, as populations rose or ascltmates shifted slighty, people 
‘either moved or gradually adopted new crops and new techniques in Boserupian 
Inensifiations that may have temporarily improved conditions until the slow risen 
numbers another refraction in climate yathed out the improved effect! 

Such the classic account But the world historians see another dynam a work, 
an Incremental, cyclieal ratcheting of culture and technology, best expres in 
{ack Goldstone’ framework efflorescences, or Eric Jones “growth recurring"? 
‘These pulses in the human condition can be dated from earliest agricultural 
‘origins, but start more markedly withthe Late Neolithic Intensification of agrarian 
practice and mastery ofcramict Out of the kiln and glazing would evolve the 
knowledge of metals that har underwritten all subsequent economies, anda the 
time shaped the accumulation of plitial power that would be structured by and 
perpetuate the material memory systems of writing and monumental art, Whether 
the complex ofbronze metals and the palace economy brought mach tothe well- 
Deing of the agrarian village is subject to real dabata, but tis incontestable that it 
was atocated with a sgnificant rise in human population. Acros the Od World, 
‘ordinary people inthe semiarid monsoonal belt may not have been better of, but 
there were moreof them. It isnot unreasonable, 2s Goldstone argues, tosay that 
there Bronze Age expansions thus had some of the qualities of Smithin growth, 
as growing populations, larger domains, and economic specialization expanded 
‘upon the rudiments of market exchange established during the Late Neolithic. We 
certainly need tobe very cautious herein talking about markets inthe wider sense, 
‘because palace ystems controlled so mach of the Bronze Age economy, and there 
aereal questions about how much benefit of rising wealth inthese ancient empires 


‘tickled down into ordinary households, to say nothing ofthe imperial expropriation 
flan and lbor. Bu f we stretch our categories somewhat itistemptingto 

see Schumpeterian dimencions tothe rise of new sociologies and technologies in 
‘the ron Age. Joseph Schumpeter assigned the role of creative destruction inthe 
‘modern economy to econemic depressions, undermining entrenched institutions 
and technologies, and paving the way for new. Inthe ancient and medieval worl, 
severe exogenous impacts from nature can be described as having the force of 
‘Schumpeterian creative destruction, most apparently during the final sagesof the 
|Mid- Holocene Crisis (~3200-3000 BC), China’ first state transition (-2200-1900 BC), 
and the Preclasical Crisis (~1200-900 80). 


‘Out of technological and institutional consequences ofthe Bronze Age cris, 
argue in this and the folowing chapter, twolong cycles of slow growth structured 
the history ofthe Old Work, global epochs of classical antiquity and the Middle Ages, 
running from the ffth century BC tothe fifteenth century AD. And in the Old World 
nd the New, exogenous natural forces ~both climatic and epidemic not necessarily 
Malthusian overpopulation, ramed the material boundaries of human existence 


China, Iron, and Rotary Power 


‘Wecan begin this examination of clasial antiquity and the medieval world by 
‘examining the spread of iron in China. Just asthe Bronze Age proper came ate 

to China, said the tron Age Rather than aslow development after 1200 BC a8 
Inthe Mediterranean, ron came to China in s rush during the ea ofthe Warring 
States roughly 475-220 BC Here the parallel circumstances shaping these creative 
‘destructions ae intriguing just asthe milenial Siberian High accompanied the 
Collapse of the Mediterranean Bronze Age palace polities, opening the way forthe 
"se of iron, rising challenges to the decaying Zhou polity inthe monsoon cist 
starting around $00 BC set the stage forthe rapid development of ron technology in 
‘China. Bronze smelting and casting had been a palace monopoly in China asin the 
Mediterranean worid and here the collapse of central control was the critical facto, 
Temay be that the iden of ronworking spread to China from the Mediterranean or 
fom India, probably via Central Asia But the rapidity ofits adoption, nd the way 
‘uniquely Chinese bronze casting techniques were applied to ironwork, nica that 
‘Chinese sis were particularly important. But this transition occurred not inthe 
context ofthe Zhou or Han dynasties, but inthe peripheral and barbarian" sate of 
‘Wun the southern Yanga valley uring the waning decades of the Zhou the s>- 
called Spring and Autumn period, from the 580sto the 4£0s BC. Wu, described as 
more democratic polity, was one ofthe few localities where agricultural tools 
‘were made of bronze, and sophisticated bronze metallurgy thrived outsideofan 
authoritarian place contra I was here that omworking firs developed in China 


and then spread to ther regions during the interstatervalries ofthe ensuing 
‘Warring States period? 

Strikingly, once it had achieved considerable stability the Han polity returned 
‘twthe Bronze Agesystem and established royal monopoly over the iron industry 
{in 120 8C Nonetheless, the Han period (206 BC-AD 220) is notable fora series 
‘ofimmovations that radically increased agricultural proguctivty Settled rather 
‘than slash-and-burn agriculture had been estalished after 600 BC, andfllowing 
tnd manuring patterns developed over the next several hundred year. The Han 
“developed the curved, cast-iron moldboardplowshare cast n new state-contrlled 
foundries) and the horse-drawn sed dil, which were put toa new rationalized 
Plowing and planting regime onthe royal lands in the dry farming north, and spread 
from there othe lage-landed ruling classes. rotary winnowing fan, ahand- 
‘ranked machine separating gain from chaff, was invented in the wheat/millet 
‘region ofthe north around the same time and later spread tothe ree-growing south 
‘And new and more eficient breast-band and collar harnesses allowed for mote horse 
‘action tobe converte into useful energy? 


‘The Invention ofthe rotary winnowing fan in China opens up the question of 
‘mechanics and energy efficiency, as wellas the chronology ofthese advances. As ong 
‘asthe human or animal muscles were providing the direct striking ation ~ cutting, 
chopping, threshing, pulling -that mediated between nature and nutrition, there 
‘were real and absolute limits tothe improvement ofthe human material condtion. 
‘Metal bronze and iron - improved the eficiency of muscle ation in there direct 
striking ations But the mechanics of rotary action ~ first applied to traction — 
further multiples the efficiency of dinect muscle atin. 

“Thus the rotary fan was egnifcant. Butt also appears that the rotary fan had. 
{spotty history in ancient China: invented inthe wheat/milt north during the 
second century BC, t spread eventually to the south but was forgotten in the north, 
Where farmers reverted to traditional threshing, tossing, and sifting to extract chaft 
fom the grain. Current research places the extiestcontiouous development of 
rotary power in the eastern Mediterranean, rather than China, ar alate ron Age 
Innovation. Before it can be baked into bread, grain must be ground int lou, 
and since the Neoithc this had involved grinding grain between two stones, the 
"upper stone pushed by hand. Starting inthe fifth century BC, various rotary mils 
Were developed across the Mediterranean fr grinding grain and crushing olives 
some were smallhand-turned devices rotary querns-and some werelarger ones 
operating ike a capstan, with grindstonesin tight box attached oa spoked capetan, 
which could be turned by one or more men, or even a donkey. This rotary mill was 
_sradualy converted into a water powered grinding mil via the development of 
‘peared irrigation devices the sayfa) around 240 BCby the Hellenistic intellectuals 
at workin Alerandria. Before the fist century BC, the vertical watermill was 
commonplace in western Anatolia, nd from there spread around the Roman wotld 


‘over the next several centuries The city of Pome would have massive grinding mile 
‘operating by the third century AD. Simaary an argument has been developed that 
‘water-powered trip-hammers were used by the beginning ofthe first millennium. 
AD to support Roman mining in Spain. The trip-hammer was an invention loosely 
‘rooted in fot powered tilt hammers for grinding grain and the Greek invention of 
the reciprocating cam. By contrast, it would appear that water powered mill did 
‘not develop in Chins until the fith century AD, possibly through exposure tothe 
‘Mediterranean mill atthe Hellenistic Central Asan empire of Bactria® 

‘This new interpretation challenges Joseph Needham long-established claim 
that mills didnot develop in Europe until the Middle Ages, thus giving a priority to 
‘Chinese invention ~andto medieval technological innovation. Buta rising body of. 
‘cholarahip posits thatthe classical societies of the Mediterranean were far more 
technologically sophisticated than historians have assured, In this understanding, 
{he ida Ages in Europe may only barely have recovered the advances ofthe 
ancient word lott uring the so-called Dark Ages. And one of this interpretations 
‘central advocates, archeologist Kevin Greene argues that these advances of 
Mediterranean antiquity need to“be seen asthe maturing of the European iron 
tage, when the ue of ion frst proliferated inal spheres of use” Greene suggests an 
analogy between the Iron Ape-cassical sequence and that running from the Earty 
"Neolithic domestications tothe “secondary products revolution" Writing about the 
Roman empire, Greene similarly argues thatthe imperial economy doesnot show 
'igns of advance or evolution, simply an intensification of everything that already 
ested in Greek and Roman republican times” 


‘Such an understanding suggests that the ron Age itslf—in some measure shaped 
by climate reversal - was a fundamental technological revolution, elaborated and 
“tensed” inthe age of classical empires. The revolution involved increased 
‘apacties for cutting, pounding, and grinding: Thus widespread iron tools 

‘would allow more people to cut more wood, sol, or lather in less time’ grinding 
lnnovations would allow more grain to be converted to flour in less ime, Both 
fundamentally reduce, they didnot eliminate, the muscle power require for 
daily labor. In the Mediterranean, this was an eater and longer revolution, and one 
radually incorporated into th economies of major imperial ystems in Chin t 
‘wat later revolution, more quickly incorporated into empire. Either cae raises 
the question of whether these innovations, and the systemic changes in which they 
‘were embedded, contributed in fatto an improvement in human wellbeing, or 
“whether these improvements were overwhelmed by population growth, Was there 
snenduring Malthusian stalemate or was thereat least a mament, perhapsof several 
“centuries duration, of economic growth and general human improvement during 
slasscal antiquity? The following pages consider this question, its implications its 
‘rites, and its climatic and epidemiogical contexts. 


Global Antiquity: Numbers and Climate 


‘We nged to situate the question of economic growth inthe ancient empires in two 
conditioning contests, population growth and climate change orth lack hereof 
‘Any increase in an econammic surplus would have tobe distributed toa growing 
‘population. Our measures of population are entirely too primitive but euch as they 
ae, they are worth reviewing. 

Population growth sa simple measure of success, vhough its measurement is not 
so simple. Here issues of imperil scale area fundamental part ofthe story. Inthe Old 
‘World, asthe Iron Age matured, the scale of political domains suddenly expanded to 
‘yplealy five times the size ofthe largest Late Bronze Age polities! Following the 
brief resurgence ofthe Assyrian empire and its conquest of Egypt, the Iranian Medes 
bult an empire during the seventh and sixth centuries that stretched from the Black 
‘Seato Afghanistan, in turn swallowed up bythe Persian Achaimenids, who between 
‘S50 BC and 330 BC rule a huge swath of territory reaching from Central Asa to 
Egyptand the Balkans. The Persians were stopped in 480 BC from flowing over 
‘the Mediterranean by a league of Grek city-states, small by comparison, but with 
‘colonia outposts scattered far and wide. Alerander the Great's vast but ephemeral 
‘conquests around 330 BC xpawned a neckace of Hellenistic empires and kingdoms 
running from Greece to India among ther long-lasting sizable polities suchas 
Bactia Parthia, andthe Seleuci domain. Then, after 200 BC, Rome emerged to 
‘dominate the entry Mediterranean world and the Han al of China. 

‘The estimates in McEvedy and Jones are suggestiv.!2 Thy estimate that the 
populations ofthe Mediterranean, India, and China already composed roughly 75 
pereantof global population at 400 BC, a proportion that would remain stable for 
‘eanturies to come, perhaps the product of growth duringthe Ion Age. Between 
4400 BC and AD 200, the combined populations of China, Indi, the Mediterranean, 
tnd Europe grew by 74 percent, while population throughout therest of the world 
stew by 30 percent 4 Then, during the two centuries after AD 200 as empires 
‘collaped -the populations of the three Old World imperial regions declined by 
7 percent, while the population throughout the rest ofthe wotid increased by 28 
percent. 

‘The reconstruction by Jean Nod Biraben suggests a roughly analogous pattern. 
(Figure 1.2 presents Biraben's estimates) His figures show the combined, 
‘populations of North Aftia, Southwest Asia, Chins, India, and Europe, roughly the 
‘world ofthe plough, comprising roughly 80 percent of global population between 
4400 BC and AD 200, growing by 75 percent while populations throughout the 
‘est ofthe worl grew by only 39 percent. Then, between AD 200 and AD 400, the 
‘Populations of the Old World plough cultures and empires declined by 30 percent, 
‘while populations throughout the rest ofthe wold increased by 32 percent > By 


‘either messure the fortunes of empire were reflected in population growth, and 
‘that population growth was indeed substantial, potentially erasing the benefit 
‘oftechnological social, and politcal innovations Perhaps the great empires were 
simply reading wate, desperately meeting the demands of growing populations, 
‘but not much else. 

‘The fortunes of classical empires in the Old Woeld core and beyond were shaped by 
a remariably beneficent climate the Classical Optimum running between a Hallstatt 
Solar minimum- the Preclassca Crisis -and acald episode defined by ce rafting 
‘nthe North Atlantic -the Dark Ages. These in turn would be fllowed by another 
northern "optimum and then another Hallstat solar grand minimum-the Little lee 
‘Age. This simple wave of two optima divided by a coo epoch, and bracketed by severe 
‘imate crises, defines the fundamental pulse of 2,000 years of human history In 
essence, this 2,000-year interval was divided into two optimums and an intervening, 
‘old spl the Classical Optimum, the Dak Ages, andthe Medieval Warm Period, now 
‘known asthe Medieval Climate Anomaly. Tis sequence shaped the broad outlines of 
‘continuing “strange parallels in global circumstances! (see ures IL Sa-), 

‘Aste Prclasical Hallstatt Siberian High fads there were two deep solar minima 
centering at -750 BC and 325 BC. Each ofthese solar minima matches with evidence 
for serious droughts and famines in Greece, but these events must have been sharp 
‘oaclatlons in the enduring inuence of stronger winter westerly precipitation 
serous the Mediterranean an into Asia that were shaped by the final stage ofthe 
negative North Atlantic Oscillation inthe Prelassicl Crisis. Glaciers advanced inthe 
‘ps, European rivers had disastrous los, and lakes across the Mediterranean and 
{nto Anatolia were at high stands, as was the Caspian Sea all markers of the south- 
flowing winter westerlies of «negative NAO.” The Homeric minima of roughly 
7508C seem to have contributed tothe rise and dispersal of the nomadic Seythian 
‘warriors, a6 pocket ofthe steppes received increased rainfall in that century, feeding 
_rastland grazing fr vast herds of horses !¥ 

But after the fourth century minima the Maditeranean world and Europe 
experienced a remarkable stretch of stable warm climate fr the next 6000 800 
_yars the Classical Optimum. Dominated by a postive NAO mode, with warm, 
“winter westeries running north toward Scandinavia, glaciers inthe Alps retreated, 
[Mediterranean lake levels fel, and an enduring pattern of dry summers with 
‘moderate winter precipitation took hold from the Mediterranean into Anatolia. 
{mn pre-Roman lay, archaeological surveys have demonstrated the impact ofthe 
Classical Optimum. Bronze Age settlements had been widely distributed, but around 
110036, during the precassicalHalstat crisis in whats calle the proto-Vilanovan, 
wide areas were abandoned and settlements were centralized around defensible 
bil forts This pattern persisted through the Iron Age, untilin the fth and fourth 
centuries (golated farms were settled in secure areas around powerful city-states 
‘Then, “usty suddenly” from the fourth to the third centuries, as summarized by 


temperatures in northern Europe between 300 and 350 drivenby theenset ofthe 
next cycle of ce rafting in the North Atlantic, followed after S00 by the return 

‘ofa strong negative NAO mode shifting the winter westerlies south into the 
‘Mediterranean. The definitive, global break toward the Dark Ages would come witha 
‘deep cold temperature spike after AD 536, something to which we shall eturn. 2° 


‘This Classical Optimum was global in scope fot in all detals. What then of 
populations, empires, and human well-being during this long Clasicl Optimum? 
“The warm, ry temperatures ofthe Classical Optimum literally may have opened 
the way forthe Roman empire in western Europe, asi favored the grain and wine 
sconomy of the Mediterranean over the cold-adaptecattle-based Celtic Tron Age 
economies conversely the climatic reversal that set in around AD 300, bringing 
col, wet weather south through Europe undermine the imperial agro-tconomy.?! 
{In China, ax we have already sen, the progres ofthe Han dynasty was preciely 
bracketed by two massive crises ofthe monsoon regime (ee Figure IL, ILS). The 
‘Qin state founded the frst united Chinese dynastic empire in 221 BC after the fading 
ofthe cold winter monsoons that underlay the ea ofthe Warring States. Roughly 
parallel with the expansion ofthe Roman republic the Qin extended thelr power 
from ther origina territory on the upper Yellow River deep into southern China and 
consolidated various regional barriers against northern nomads nto the Great Wall 
‘The Han taking power in 206 BC-launched along seretof expansionary war of 
conquest starting in 138 BC that absorbed the rest of southern China and extended. 
{nto Vietnam, Kore, end far to the west into Central Asia. Succumbing tothe cont of 
Lmperial overeach, Yellow River flooding. and. short, harp monsoon failure the 
Han dynasty was interrupt briefyby the short interregnum ofthe Wang-Mang 
emperor (AD 6-23). The Wang -Mangin turn ad a similar series of tribulations. 
Flooding, harvest failures, and the Re Eyebrow peasant rebellion effectively led to 
the restoration ofthe Hanto power by AD2S. The second Han dynasty lasted another 
two centuries, reigning in an era during which poverty andthe pressures of border 
‘nomads droves massive internal migration from north China tothe south, ting 
off further struggles with indigenous peoples. The later Han attempted to manage 
there forces but were undermined by acentury-long monsoon failure beginning 
around AD 170 and peaking at roughly 210, which contributed both to northern 
nomadic incursions and tothe rice of the Yellow Turban peasant rebelsin 184 
Eventually the last emperor ofthe detining Han was overthrown in 220 by warlord 
generals who had fought to suppress the Yellow Turbans=* 


‘Fundamental changes came to Japan as well during this period but set aginst 
‘longer chronology. The indigenous presgricultural jomon had flourished in the 
third millennium, inthe Biddle Jomon period, which seems tohave seen broad 
surge of population during an epoch of moderate winter monsoons. But, where the 
{intensifying winter monsoons had pushed Late Neolithic Chinese societies toward 
the state they ha led toa general dcling in Jomon Japan, where a colder, wetter 
‘imate seems to have reduced population. The fundamental shift in Japan came as 
the optimum set in, after the peak of cold winter monsoons that had shaped China's 
‘Warring States period, Around 300 8, the Yayo culture arrived in Japan from Kores, 
‘bringing with it both paddy rie cultivation andthe roots of the modern Japanese 
language. As the Yayi/Japanese expanded, they pushed the Jomon descendants 
north, where they ultimately became known asthe Ain, Around AD 300, as 
‘estimates of northern hemisphere temperature suggest a sharp cooling the fst 
roto-sates emerged in both japan and Korea, manifested in mound:-bullt tombe 
that had been the markers ofthe easy state in China, Populations in Jpan surged to 5 
million by AD 600.7" 

‘The Americas saw a general pattern not unlike that ofthe Mediteranean and, 
‘China (se Figures 3, 1.51.54). the Andes, the Early Intermediate societin 
had emerged around 200 BC, most important the Nasca and Moche states that 
«contrlled larg stretches of territory along the coast andthe valley interior, These 
true state endured between peaks of ENSO flooding and drought impacts, between, 
roughly 200 BC and AD 600, Similarly, Mesoamerica was dominated by lange ritual 
states of the Late Formative and Early Clasi, between roughly 300 BC and AD 600. 
‘The goat interior city-state at Teotinuacan, with a population of more than 100,000, 
put serous stress on highland resources, and seems to have survived unrest and 
factional struggtes during the at fourth century. In the sith century ADit would 
‘be toppled from within during a period of droughts {nthe Yucatan lowlands, the 
‘Maya emerged as a series of great ritual states somewhat later, around AD 250, based, 
on local kingships dating back several hundred years. Erbroiled in Teotihuacans 
struggles during thelate fourth century, Tikal nonetheless rove to become the 
primate Early Classi Maya center until here too drought during the sath century 
‘contributed toa period of unrest and decine 


The Rise of Rome 


‘The geographic reach and relative Longevity of these vast empires shaped a series 
of common characteristic. They were forged upon a common set of political, 
‘organisational, and technological capabilities that allowed them to project 
{thelr power and authority over subject peoples, and both these subjects and the 
requirements oftheir control contributed tothe flow of wealth tote imperial 
center. In exchange for political and economic submission, subject peoples were 


{incorporated into a common legal and market system that built conditions of relative 
‘peace and stability internal to imperial borders. The communications that ran within, 
and between these empires moved not only solers and commodities, but dsesss 

‘Thus there were benefits and perils to fein the ancent classical empires, 
‘The benefits derive from the genera condition of legal and economic stablty, 
‘establishing a general condition of protection from extreme uncertainty, and 

the opportunity forthe circulation of commodities and technology within the 
_pax imperium. However, these empires were bullt upon extractive viclence the 
‘destruction and itera masiacre and enslavement of peripheral peoples fed the 
prosperity and the numbers~of the peoples within the empire. Within the 
‘borders of empire populations grew and significant groups seemed to prosper, 
But this dynamic of conquest both fed and fed upon aculure of elite privilege 
running up toa cult of the emperor, aculture that depended on the ever-more 
‘eicien extraction ofa surplus fom the producer classes Thus, while there may 
Wel have een economic growth in these ancient empires, its benefits em to have 
scerued disproportionately to imperial elites, ina proces of reward for service 
‘hat comprise the central éynamic of imperil politics. But enough of the benefit 
appearsto have trickled down tothe ordinary household to drive population 
_rowth - populations constantly exposed tothe scouring and abrasion of endemic, 
endogenous disease circulating within the empire, and occasionally shattered by 
epidemic, exogenous disease tht burst across imperial boundaries into virgin soll, 

In any event, ts clear that populations grew out of the benefits of imperial 
‘expansion. In the case of Bome, historian Nathan Rovenstein argues that the 
foundations forthe Roman population growth ay in the very proces of imperial 
expansion: the recruitment of young men into the republican legions to fight the 
three Pune Wars against Carthage between 264 BC and 146 BC fd a flow of income 
Into the Roman countryside and thus an increase fertility that fed the war 
‘machine fn turn, when the wars wound down, this expansion set the stage fora 
crisis of overpopulation that eventually contributed tothe transition from republic 
to empire, nchuding massive colonization of Romans inthe western provinces?> 
“Ancient Mesopotamia presents generally similar picture to that of repubican 
Rome. By one estimate Mesopotamia grew suddenly: stable population of roughly 
| third ofa milion suddenly increasing to almost half milion around 200 BC, nd 
reaching milion and shalfby AD S00. This growth matches the establishment 
of Hellenistic and then Parthian and Seleucid polities that aggressively developed 
lrsigated agriculture in the Tigris Euphrates, establishing a prosperity that fed the 
‘ew armored cavalry that defended these empires" The general picture seems 
‘lear: empires grew in population not just from additions by conquest but from thelr 
internal dynamics. 

‘The question of whether these internal Gynamics included mazkets~and shaped 
‘economic growth hasbeen the subject ofan extended debate among ancient 


‘historians for decade, fllowing MasesFinleys pronouncement that commercial 
Interest had no place in ancient societies define by status and hon. In recent 
_yars, the battle between status and intrest has subsided with the development of 
several models that stress the operation of markets inthe ancient word, butalsothe 
‘constraints of imperial purposes, uncertain information and an ever-present threat 
‘farbitrary power tothe enforcement of contrat. Peter Bang has muggested thatthe 
‘best comparison fr the ancient economy is neither modern nor quas-ribal, but that 
‘ofthe bazaar ofthe ely modern Moghul or Ottoman empires” Primitive perhaps, 
‘the meager protections that imperial law allowed ta low of commodities provided 
a buffer against extreme adversity that smaller polities might lack Such isone 
‘explanation forthe decline of Athens, the gest power of the Mediterranean during 
the fourth century B, but unable to make the lep from city-state to empire, and 
‘thr protect it seaborne food supply in time of war. ** Conversely, the workof Peter 
‘Garnsey has established thatthe flow of commodities around the Mediterranean 
under Roman law ensured that food shortages were common in the Roman World, 
full-scale famine was rare to nonexistent. The supply of food tothe city of Rome 
was solved by conquest and the diversion of wheat to Rome, first in Italy itself, 
then Silly and North Africa, and finally when Mark Antony and then Octavian 
Aupustus secured Egypt asa Roman province: the Ne became the most regular and 
predictable breadbashet forthe great cities ofthe empire. Merchant syndicate, not 
the sate, funded the great ships that supplied Rome with Egyptian wheat, supported 
byasystem of banking and capitalization that looked aot ike the sytem that would 
finance trade inthe erly modern work 1,500 years later: 


Inthe final analysis, however, the empice existed for empire, not commerce. If 
‘ods flowed around the Mediterranean, was atthe command and othe benefit 
‘fan imperial lerarchy centered on Rome and Italy, which functioned fre of 
taxation ina system of provincia tribute that drove hard currency tothe center. 
(Commerce operated under the wings ofthis tributary empire, supplying the needs 
‘of acenter that overtime ost much ofits productive capacity, while subordinated to 
fundamentally political priorities Thus much of the distribution that kept ordinary 
‘Romans in grain was mandated by empire -if mobilized by private merchants? 
‘Leading the response to Moses Finley inthe 1980s, Keith Hopkins argued that 
_gowth did occur within the bounds ofthe Roman empite: 


[Mhesize ofthe surplus produced in the Mediterranean basin during the 
last millennium BC and the fist two centuries AD gradually ncreseed The 
‘upward trend was gradual not very large but significant and with many 
‘ofclltios either way. The growth in the surplus produced and extracted 
‘was largely the result oftwo factors, political change and the spread of 
technical and social innovations °° 


same arcas shipwrecks”? The distribution of oman and provincial pottery around 
the empire provides a complex view of ebb and flow ofthe imperial economy, with 
‘distantly traded pottery disappearing inthe outer provinces as the empire retreated, 
1nd wheel-made pottery giving way to more primitive hand-thrown pote In Italy 
itself the same collapse of ceramics trade has ben demonstrated forthe mid-to- 
late seth century, at rural areas lost connections with urban center, including in 
the Tiber region around the ity of Rome itself"? Chemical markers in Greenland 
‘ceand European peat sediments for polation from Roman lve, end and copper 
production in Spain andthe Balkans rise slowly from 500 BC and then peak in the 
fist century AD, an then fall away, never tobe matched until the expansion of 
‘mining and smelting n early modern Europe. The ate second-century decline in 
slverproduction had an inevitable enut on the debasement of the silver content of 
<oln, which ell from 40 percent in AD 250tolees than 4 percent by AD270."¥In a 
‘irect measure of household well-being, the consumption of animals pgs, cat, 
sheep -throughout the empire rosea tle ater, during the fst century BC, peaked 
‘uring the second century AD, and collapsed during the ith and seth centuries 


paltry when compared with the explosive changes of the past two centuries. But in 
‘sown framework, set against the Iron Age background and allowing for population 
rowth, one school - perhaps dominant in cent years follows Hopkinsin arguing 
forSmithian growth in the oman empire, in which large populations in large 
polities create broad economic expansion In particular the early empire forged 
‘by Augustus after the Civil Wars, across the century and ahalff reasonably good 
‘government and civ stability beginning t AD 14, wasa period of general prosperity. 
{Paul let’ opinion it was one “modest but moreor less sustained and 
‘generalize growth Bichard Soller educated guess is that pr capita productivity 


‘rofeby about 25 percent over roughly three centuries Willem Jongman describes an 
“advanced organic economy” in which during ts frst centuries -the benefits were 
“enjoyed by relatively large segments ofthe population” He with others stresses the 
Importance of olive ol, wine, and pork a accessible amuries in the diet of ordinary 
Romans during this earlier period, which can be compared to that of southern Europe 
‘during the ently modern era 

‘But another school isnot so certain, and the data behind the model of an arcof| 
‘growth has come under increasing scrutiny. First and foremost, these measures 

in broad outline roughly trckthe growth and decline of estimated population in 
‘he Mediterranean and Europe, which would not imply fundamental er capita 
Improvement in well-being Walter Scheid! has argued that the critical issue is 
‘he rateof growth, not ts simple scale, proposing that growth ratesbasedon the 
shipping data surged inthe war-torn decades ofthe Late Republic inthe second 
‘entry BC, followed by along, sow decline in growth rates into the Early Imperial 
centuries, He as als argued that there was a small but significant stratum of 
‘middling prosperity inthe Foman world, but that in general, the aggregate calculus 
‘of Roman wealth suggest thatthe majority of the imperil population could not 
have been living mach more than a subsistence existence. Andrew Wilton has 
responded with a countervailing argument thatthe shipwreck data has serious Naws 
and biases, because t depends on spotting mounds of amphorae onthe sea bottom: 
‘mott ofthis workhas been done along the southern European coast, and may mist 
‘ange volume of shipping along the African coast. More important, shift fom 
!mphorne to wooden barrels and larger ships taking open water routes may mean 
that these measures need tobe findamentally reconsidered He proposes that a 
"sng capacity of sh salting vats and frequency of African red-lippe pottery -the 
signature ceramic of the imperial export trade - through AD 200 provide better 
roxy ofthe imperial economy. But even Wilson leaves open asan unanswered 
‘question whether these centuries sw intensive Smithian growth, Boveruplan | 
‘running in place, or its imperial corolay: simple growth by conquest exracton."* 

‘Throughout, it would appear, the imperatives ofthe center drove this economic 
‘expansion. Rome itself, with a population of milion andthe focus ofthe imperial 
‘lite, with perhaps afew other magnate cities, was an engine of consumption. 
Producing relatively ttle itself, the gret city provided a market for provincial 
production throughout the empire. The coin that pad for this production was not 
free, however, nd was generated in “tribute taxes ad rents that similarly flowed 
from provinces tothe center In thie circulation of value, a certain prosperity flowed 
{nto the hands of those who produced the goods for these markets, The army itself 
‘was also an agent of economic growth, particularly onthe peripheries ofthe empire 
‘where the legions were garrisoned, fed, and supplied by local peoples who were pid 
coin (once they had survived the violent incorporation into empire) © 


So, the Roman empire atts height might have been beginning to “get ahesg”or 
‘tight have been simply just “running in place" Even ifeconomic productivity 
drifted above the rate of population growth, it was not by much, and overtime the 
‘benefits were increasingly concentrated in the hands of the few. Justasthereis 
‘consensus on slow per capita growth, thereis a consensus on 4 massively stratified 
scot, in which atin aristocratic fraction ofthe population garnered a wildly 
‘disproportionate shar of the wealth of the empire. The Roman elites measured their 
‘wealth primarily in land, and managed to accumulate mos ofthe productive slls 
‘of ftalyand the provinces * And the Boman rich kept getting rcher:Keith Hopkins 
argues the wealth of the Roman elites more than doubled during the fist century 
AD, and then increased five to eight times over the next three centuries They 
sccumulated this wealth through their privileged relationship withthe Roman state, 
‘through the rents extracted from lands acquired for public service. Certainly there 
Wasa middling clase of merchants, shopkeepers, and artisans, even smal farmers, 
‘who would have hada share of the rewards ofthe imperial economy, as would 
legionnaire colonists granted lands in ocupied provinces. But generally, forthe 
‘majority ofthe population and expecially the poor fre families of Rome andthe nave 
population, the major material benefit deriving from the empire was the moderate 
food stability shaped by the imperial marketplace Inside the buffer of empire they 
‘might be guaranteed subsistence, however minimal 

‘Aslmlar argument forthe negative impact of tratifcation hasbeen made or 
lmperial Han China in exactly the same period, with regard tothe impacto ron 
technology on agriculture during the Han Whether these innovations translated 
Into a peri of prosperity and well-being for ordinary peasant families sin 
‘considerable doubt. By one estimate the population of China grew from 40 milion 
to 60 milion during the era of the Han (206 BC-AD 220), and perhaps this growth 
‘consumed the energy and productivity gains of Han innovation. More important, 
‘hove innovations seem tohave contributed to increasing stratification in Chinese 
‘ocety, particularly during the later Han period, with smallholders unable to invest 
{nthe new heavy equipment and falling into debt and tenancy while powerful 
landowning families prospered.‘ 

Human skeletons provide some evidence for the health and well-being ofthe 
peoples ofthe age of classical empires (see Figure IL6). As yet, moet ofthis evidence 
\sonly available for regions in western Eurasia, so thats where this discussion will 
focus Here we need to sort out the competing roles of climate direse, stratification, 
and imperial geography. A number indications nugges thatthe waning ofthe 
‘old millennial Siberian High and the arrival ofthe warm Classical Optimum may 
‘have contributed to increased human health Lawrence Angel recorded a dramatic 
Increase fn adult stature for both men and women around 650 BC, a the transition 
fom thelron Age to classical and Hellenistic societies in the eastern Mediterranean; 
he was struck by the evidence for an “immense total health advance in| Classical 
times In Denmark, 2 peopl tallinthe Bronze Age got even tallerin the ist 


‘centuries AD, after en intervalof skeletal evidence ost to iron Age cremations 
But the evidence for Britain, in roughly the same climate zone, but conquered by the 
Romans in AD 43, isnot so postive Where Danish men averaged 177 cm, British 
‘men from the same period stood at 169 em, a minute gain since the on Age, and 
cross. series of health indicators tooth los, enamel hypoplasia (Harris line), 
‘dental cares ~Roman Age British skeletons suggest worse heath than do their ron 
Age forbear Similarly, a the center of the empire a careful new study of skeletons 
In central aly indicates that Italians were x centimeter or two shorter during the 
limperial centuries than they had been during the ron Age or would be during the 
ide Ages: loman men averaging 164-165 cmand women 152-153 em. This 
‘matches an army regulation from the ate fourth century AD stipulating that Italian 
recruits be atleast 165 cm (S'S) a suggestion tha this stood in the middle-to-upper 
‘end of heights among men in rural Taly*? 


‘These regional and imperial differences have been confirmed ina massive study of 
lost 10,000 individual across Europe from the year Oto 1800 (see Figures I7, 
'ULS), Very broadly, European heights were lower during the age of empire, grew as 
‘the empire fel apart, and then decined uring the Dark Ages. Looking at regional 
variation during the frst three centuries AD, male heights inthe Mediterranean were 
the shortest (~168 cm), those in northern and eastern Europe -beyond the reach 
ofthe empire the tallest (-171 em), and those fn Austria, the Rhine, and Britain 
falling somewhere in between (~168 cm). During the fith and sath centuries, when 
‘he empine had decisively brokan up, heights in al regions rose together, Thus we 
can construct a general plctur of heights and well-being during the ten centuries 
between the waning ofthe Preclassical Crisis (1200-700 BC) (with its Hallstatt solar 
‘and minimum and strong Stberian High) and the fina fallofRome inthe sath 
century AD. Ax we have seen, the Iron Age peoples living during the colder climates 
ofthe Preciassical Criss had been relatively ahort. During the subsequent centurler 
ofthe Classical Optimum, the peoples of societies beyond the reach ofthe Roman 
empire grew in stature and apparently in wellbeing. Those within the bounds of 
the empite may have done somewhat better than dt their Iron Age forebears, but not 
tothe extent ofthe fee peoples beyond the empire 

‘What can explain this pattern? In brie, disease childhood stress, matrition, 

and work: The market -both imperial and local -moved commodities, including 
food across considerable distances, but italso maved diseases. Thereisa strong 
consensus thatthe empire established a vast pool of routine disease exchange that 
had paradoxical eects Dieares once restricted to certain localities spread widely, 
some possibly maving from the general population to affect mostly children. Ancient 
‘historians see a series of waterborne diseases -typhold, dysentery, probably cholera 
as endemic, along with tuberculosis and poewmonis. Malaria was deeply entrenched 
{nthe vas Italian marchlande The diceace burden would have impacted individuals 
Aisproportionately during their growing years, thus contributingtotherestrcted 
‘heights of adults inside the empire-Certanly this disease burden would have been 


‘much heavier in the great ties ofthe empire, butalsoin the densely populated 
‘towns that comprise the secondary and tertiary hubs ofthe imperial economy? 
‘Another source of short stature inthe Roman empire may havebeen a general 

‘cultural neglet of small children. Scholars have long surmised that children inthe 
‘Roman word were subtly neglected, and skeletal evidence is beginningto bear this 
‘out Evidence suggests infants were kept swaddled and out ofthe sunlight, underfed, 
snd then weaned eatier than they were in European societies beyond the empire. 
‘The result was much higher levels of eribiaorbtalia, scurvy, and rib fractures, and 
| fallure to thrive: children at Herculaneum were decidedly shorter than they could 
have been 2° 


‘Then theres milkand red meat, a quick nd easy source of protein for growth, 
{tthe consumption of meat grew during the high empire the strong consensusis 
‘hat only elite and middling households -and the men inthe legions had regular 
sccees to meat in their diets Meat consumption inthe empire had a three-point 
‘regional pattern: northern Europe (Gaul tended strongly toward cattle the Near East 
towart sheep, andthe densely occupied italian heartland towacd pig, which could 
beralsedon limited grounds. Beyond the empire, in northern Europe the frequency 
of eattle bones in archaeological ites seems to explain the taller stature of adult men 
and women. aly, the ise and fall ofan imperial population s bracketed by the 

risen fal ofthe pg, as measured from the evidence from sites around the Bay of 
"Naples. Around 200 C, with ring population densities, cattle bores fell sharply and 
Pigbones rose even more: during the fifth and sbxth centuries AD, pg bones wobbled 
and fl replaced by sheep and goats, the traditional meat ofthe Mediterranean diet 
ver since. The classical image ofthe ruckling pg atthe Roman east thus has rtong 
archaeological support, but increasingly these were feasts fr the fortunate few. The 
‘majority ofthe working and dertitste poor would getby on grain and vegetables, 
with the occasional sausage, or fish they lived on the coast, or -among the peasant 
‘majority - perhaps an old ox or milk cow pastits working life. Thus, despite the 
‘maritime movement of grain that evened out the worst possibilities of famine, 
shortages of fod must have contributed tothe short stature ofthe peoples ofthe 
ecnpee 2 

Finally theres work Blostof the data for mediocre staturein the empires for 
‘man, and it may be that labor routines within the empire, sweeping up teenaged 
‘boys into more arduous routine task, may have contributed to short adult stature. 
But one anomalous figurein the height data suggests an alternative trajectory for 
‘women. In Lawrence Angels igure forth eastern Mediterranean (Greece and. 
Anatolia), women suddenly grew taller during Roman times, reaching heights not 
attained since the Mesolithic (158 cm) This could be ascribed toa sampling error, 
‘but theresa possibility that it reflects reality, driven by technological change. 
According tothe most recent reconstruction, by MJ. Lewis, the watermill was fist 
‘widely used onthe coaetal streams of Asia Minar some time during the last centuries 


BC. Lewis quote the poet Antipater of Thesslonica, who wrote in thelart years BC af 
‘the virtues of water-powered mills over thehand turned rotary quern. 


“ld back you hand from the mil, you grinding gris, even ifthe cock- 
‘row heralds the dawn, seep on. For Demeter has impased the labours of 

_yourhands onthe nymphs who leping down upon the topmost part ofthe 
‘wheel, rotateits axle; and with encircling cogs it turns thehhllow weight 

‘of the Nsyrianmilltones If we learn to feast toll-free onthe fruits ofthe 

earth, we taste again the golden age ™* 


‘The'rinding girls” slept at and, treed from excesive tol atthe grindstone, may 
‘wellhave enjoyed a growth spurt Its entirely posible that, relieved by the water 
‘mil from the labor of grinding grain, female occupation since the Neolithi, the 
_young women in the eastern Mediterranean grew to adult heights unseen since the 
Mesolithic ifnot exactly "the golden age” 


The Fall of Rome? 


‘So what ofthe stored decline and fall ofthe Roman empire? In recent decades, 

the very framework of Roman collapee has ben in doubt, replaced by ode! 
‘ofa gradual transition running seamless from late antiquity into the erty 
Middle Ages Most recently however, revived catastrophism has challenged 
thi gradualist model: the empire fll because it could not withstand the assaults 
‘of wave upon wave ofbarbarian warriors °° Here the question revolve around 
the sifting strengths ofthe empire and its barbarian opponents. Eaward Gibbon, 
‘writing moral tale in the m-eighteenth century, focused onthe softening of 
‘martial values and valor and the dysfunctinality and faure of Roman imperial 
‘Eovernance, Some have blamed the itrallystupefying eects of metallic lead inthe 
pottery, las, and wine that graced the tables of the Roman elite Not convinced by 
evidencefor structural decine, Petar Heather and Bryan Ward-Perknsfocus.on the 
‘contingencies of military strugte with the barbarian Germans. Ward-Perkins seer a 
rdden crisis at the beginning ofthe fifth century: Heather concur, but also strester 
the growing sophistication and unity of thase barbarians, gradually learning by 
association withthe empire, and elentleslypresed from the eastern steppes bythe 
‘advancing Hun.** Other recent scholarship argues that adecine had stn within 
‘he empire itself, shaped bythe shrinking economy and falling populations described 
previous? 

‘Economists, demographers, and traitional environmental historians would be 
‘certainly disappointed with political explanations, and might instinctively turntoa 
‘Malthusian model, in which overpopulation led to “inevitable” stresses that doomed. 
‘heempire to collapse Such isthe direction to which crtiesaf the Roman growth, 


‘model incline, Certainly the local ecologies of some locations, especially isolated 
‘mining and smelting regions, were indeed devastated by the heavy metal sediments 
‘deposited in Roman times *° The agricultural needs af sing populations did indeed 
‘transform lowland ecologies. ut most recent paleoeclogial studies se litle sign of 
a fundamental criss of sols and forestsin the late Roman Mediterranean *! 
“However, they aso find ina number of loations, most clesrly in thenorthern 
Levant, that late Roman times saw a massive volume of sollerosion Inthe Levant, 
‘this sol loss permanently ruined regions that had supported agriculture for 
millennia. Clearly, Roman pressures of population and empire put significant stress 
‘on Mediterranean landscapes, beyond the signals of human presence and alteration, 
that since the Late Neolithic appear in many Old World ecological tudes But this 
Impact was not, apparently continuous, but sudden, late inthe Roman period. 
“The author ofthe best sty ofthis late Roman erosion sees a “high likelihood” 
that climate ~ specifically a shift toward intense seasonal rains atthe transition 
‘tothe Dark Ages~ played a role in this degradation (see Figure IIL). There is now 
reasonably definitive evidence for this "ikelinood”: new studies show conclusively 
that, following the onset of North Atlantic ice rafting around AD 350, the North 
Alanti Oscilation shifted from a more positive toa more negative mode, pushing 
the winter westerlies south into the Mediterranean, binging a surge of winter and 
spring precipitation, after hundreds of years of moderately dry climate. Flooding 
recorded inthe sediments along the Aro River including entire ships buried in 
flood deposits suggests that episodes of extreme rain might have begun around 
300 BC in central Italy, Fredric Chevette sees these advancing rinsas fundamentally 
undermining the grain-based economy of aly and southern France. In south central 
Anatolia, acenturylong drought broke sharply around AD $40 followed by several 
hundred years of humidity, gesting enhanced rainfall. tn northern Europe, 
precipitation dropped significantly between AD 200 and AD 350, recovered, and then 
fell again to millenia lowe around AD 450, a the NAO negative mode stn for 
the Dark Ages. Thus thee paleoecological studies strongly suggest that the massive 
soil degradation associated with the Roman empire was riven by both population 
pressure and climatic contingency thotgh-~as we shall ee the sequencing wat not 
precisely what one might expect. They also broadly concur with politica historians! 
recent view thatthe empire wasn relatively good onder into the fourth century = 
‘What was the longer-sange dynamic of imate, here suggested asa critical trigger 
‘of oll erosion in the ate Roman Madterrancan? The gicbal Caescal Optimum 
‘would indeed come to an end between AD 300 sn AD 600, with ite infisence felt 
around the world"? The Chinese Han dynasty was -itappears extremely sensitive 
to sudden collapee in the monsoon regime, as evidenced by the dynastcal crises at 
‘AD 9and AD 220. Ifthe Roman word began to decine starting in thelate second 
‘century AD, however, no major climate signal tall suggests any causal argument 
(ee Figures IL, Ia, IL) Relativeta the grand minima of 700 BC and 300 BC, of 
AD 600, and ofthe era the itl Ice Age, solar activity was stable between AD 100 


and AD 500. While there were minor huctustions toward the Siberian High between 
AD 75 and AD 125, these were nothing compared tothe Halstat solar minimum— 
driven surges of 1200 BCand AD 1400. cerafting inthe North Atlantic tipped 
‘astits minimum in AD 200, ut could not have been a major force util AD 350, 
though its fist stages must have been associated with the declining precipitation in 
northern Europe, and the rst bust of extremes rans inthe Mediterranean after AD 
300. The new temperature estimates for northern Europe indicate distinct coling 
setting in around AD 250, and there would bean intense cold spike around AD 536, 
Butt doesnot seem likely that fundamental climate change drove a decay ofthe 
Roman economy before AD 200. 

‘The answer here seems quite simple and well-known: devastating epidemic 
‘disease, A central structural dynamic inthe decline of Rome, particulary its 
western domain, has to ein a spiraling population decline, which undermined 
military recruitment, conomic demand, and even political skill The most obvious 
‘explanation for this relentless but mosaic pattern of demographic decline ies inthe 
series of epidemics tha swept along Mediterranean rade routes and ines of march 
starting in thelateyecond century, Willam McNell nis lassi Plagues and Peoples, 
explains the epidemics of lat antiquity in terms ofthe confluence of civilizational 
‘zeae pools, and suggests that growing population and growing trade along the Old 
‘World core running from China through India tothe Mediterranean was a powerful 
‘condult for new diseases. The fact that epidemics struck China oom after they hit 
the Mediterranean suggests the possiblity that Inia may have been the source of 
some of these devastating plagues. Alternatively, the common source ofthe plague 
probably ly inthe tangle of central Asian trade outes:one team of geneticists argues 
that ts uleimate genetic oot sin the Tibetan platen > 


‘While epidemic disease was a constant in the Roman world three epidemic stand 
‘ut ax particularly intense with impacts perhaps rivaling that ofthe Black Death of 
the 13506 The first of these, the Antonine Plague, carried back toRometby legions 
returned from Babylon and an assult on the Parthian Empire, truck a reasonably 
stable empire in AD 165. Generally thought tohave been smallpox the Antonine 
Plague laste for fiteen years, and ended after it may havebilled Marcus Aurelius the 
lastof line of ve so-called Good Emperors who had ruled since AD, Epidemice 
‘then struck various parts of the empire every twenty-ivetothirty years: in Nubia 

| 200; in the armies on the Euphrates in232; and then another fifteen-year Jong, 
epidemic, Cypran's Plague, perhaps smallpox, perhaps messes, apparently emerged 
from Ethiopian AD 251. Localized epidemics are recorded over the fourth and fifth 
centuries, often associated with warfare, but in AD S42 deadly epidemic lnown as 
Justinians Plague spread north rom Egypt: now genetically identified as bubonic 
‘plague, this epidemic fared, ebbed, and flared again for centuries, beforeit finaly 
{faded in the 800s (ee Figure 18) 


‘Thelmpact ofthese plagues was catastrophic, but apparently selective Willem 
Jongman paints a powe:ful picture: the Antonine lague of AD 16S that st of these 
waves of epidemics war an exogenous event, not “a asic Malthusian check: itcame 
‘onthe crest ofa wave of rising prosperity rather than asthe apex of growing misery." 
{mn sum, he argues, “tis our best bet to explain why over such a wide range, things 
suddenly began to go wrong nthe second century AD" Annual lists oftaxpayersin 
rural Egypt suggest certain districts lost as much 2s 70-90 percent oftheir population 
between the late 150s and the late 160s Series of dated documents and artifacts 
Indicate a steep iftemporary decline in Roman economic activity building 
‘onstruction, marble production, and even coinage inthe ate 160xand 1705;the 
Impact of Cyprian Plague may have been worse ** Roman silver mining in Spain 
«collapsed during these years, though raids by North African warriors apparently 
Played. role at well? The numbers of animal bones in Roman sites dropped 
precipitously, suggesting a poorer diet, nd the number of recovered wrecks fl, 
suggesting a slowing of trade. Various sources, including archasclogical surveys, 
suggest that population began to decline in Italy, Spain, and France from peaks in the 
late second century, never realy recovering until medieval times. A recent synthesis 
‘ofthe distribution of African Re Slip War, the diagnostic imperial export ceramic, 
‘gets a massive collapse in production a 250, the beginning of Cyprian's Plague 
tnd a long "third-century crisis” MeEvedy and Jones estimates suggest that 
population around the Mediterranean might have fallen by a tied between AD 165, 
1nd AD 400, Greece and the Near East may have been hit by the are plagues, but 
they recovered, going through a resurgence of population and prosperity before they 
Were devastated bythe Justinian Plague that started during the 540s, Here, 
‘depopulation by epidemic would have coincided with the intensification of severe 
rainfall that paleotcological studies nugget for the Mediterranean this ithe cate, 
the soil erosion would have had yet another specific cause. The hillside teracing that 
allowed the spread of agriculture into marginal areas required considerable labor to 
‘maintain. Theloss of population would have undermined any efforts to repair the 
agricultural improvements bullt up over the previous several hundred years of 
‘Roman-era expansion. Thus epidemic depopulation must join severe rainfalls part 
‘oftheexplanation fr the massive erosion that occurred in late Roman times. 

‘What of the survivors f the plague? Might they not have done Deter, as isthe 
‘asefor Europe after the Black Death, when 2 sudden fallin numbers led to several 
‘centuries oftmproved standards ofiving? The consensusis reasonably clear: things 
got worsen the wake ofthe ancien plagues forthe ordinary peoples ofthe Roman 
‘world Rather than having moreto go around, th survivors had tcarry heavier 
‘burden. The Roman elites demanded the same payments in rent and taxes as before, 
and spiraling concentration of wealth was the reult With nothing of el value 
‘which to inves, they invested i land, with the rena that they simpy grew richer 
“while the people grew poorer and poorer, descending toward serfdom ifnot outright 
slavery? 


‘Thus t would appear thatthe plagues ofthe late second and third centuries made 
|Amajor contribution to the decine of the western Mediterranean, but may not have 
Impacted the emergence of the eas, as manifested inthe eastern empire and then. 
the Byzantine empire. The classic understandings ofthe decline ofthe wertem 
‘empire involve endless warfare and civil strife the withering of long-distance trade, 
barbarians on and over the frontier, andthe ree of Christianity. Each ofthese canbe 
‘connected relatively directly toa plague-driven depopulation. 

‘From the beginning ofthe third century, Fame was wracked by challenges from 
beyond its borders, and wars constantly fed both famines and epidemics. The 
Antonine Plague of 165-80 was introduced by warfare in the east, and Cyprian 
Plague of 251-66 was embeded in long series of warstodefend the frontiers 
running from 234-84, atthe end of which the empire was effectively divided in half, 
Epidemics accompanied war in 310-13,359-63, 378-9, 406-10, and fromthe 4405 
tothe 470s. The Justinian Plague arrived in Italy in 42, during the Gothie-Byzantine 
‘Wars; the combination of war, famine, and epidemic brought utter and final 
devastation tothe ancient center of empire. As local trae collapsed, rural Italians 
sbandoned the lowlands and huddled in rough new mountain villages, a they had in 
the las criss at the lose ofthe Bronze Age 7? 


‘Thusa dynamic of rst war and epidemic, and then atria of imate wat, and 
‘epider has to We at the center ofan explanation ofthe long decine and final 
collapse ofthe empire. The stoady erosion of population lft fewer people to serve 
Inthe army, to tnd the fields, to labor in urban workshops, nto man the ships 
Ina foreign trade perhaps now somewhat suspect in an age of rampant disease 
Sls grew scarce; public works were not maintained. The result must have eft 
‘leulating wealth fr theo elite to glean from rents and taxes, while deaths in thelr 
‘anks left oom fr rising men tn addition to invasion from without, the empire 
was wracked by civil war, anda string of short-lived emperors, many orginally 
foreign mercenaries, who tid and fled to grab therein and rewards of power. 
‘This natailty was not dssimilar from the instability that would ruin France and 
England inthe Hurdrod Years War and the Wr ofthe Rose, following the Back 
Death. The overall effect was the miltariation ofa collapsing society ar magnates 
raised armies to capture mor of the shrinking surplus. Somecf these new men were 
“parbarians* Germans and others from across the frontier, who were iret invited a8 
‘mercenaries to build up the ranks of the waning Roman army, and then made thelr 
‘move to grab power” Fnaly, theres the slow but inexorable rise anew world 
raligion Sociologist Rodney Stark has developed an argument thatthe numerical rise 
of Christianity, stn Asia Minor and then in the Wes, was driven by a diferential 
‘mortality between pagans and Christians, who ofered their believers close 
‘communities of care giving” Whatever the causal connection, the new religion 
spread following the devastations of disease, was offically granted toleration in 313, 
‘and was declared the state religion in AD 380. 


1n'378, two yeace before the ertablishment of Christianity a barbarian horde 
“destroyed the oman army at the battle of Adranople:by 410 thee Visigothhad 
sacked Rome and moved on to Gaul in search of land. By this point, climate change 
scams to have once again entered the picture. The Goths were one ofa variety of 
_oups pressing in upon the Foman frontiers, attracted by an increasingly poorly 
‘defended frontier, but also entering into complex trade relations across this 
boundary.” Increasingly they were harried from the steppe by anew group, the 
Huns, who had emerged recently from the Central Asian steppes Ifthe empire itself 
was not affected initially by climate change, treering evidence from the edge of 
the steppes suggests that after ~AD 200 ~and more decisively after ~AD350-an 
Increasing frequency of drought put Germans, Goths, and Huns on the move and 
Into Europe.” Climate change may have contributed to agrarian disruption on and 
beyond the frontiers: pressed by the Huns, the Vsigoths were in desperate search 
for food and supply when they demanded entry into the empire, lading tothe battle 
‘of Adrianople.”” Such droughts seem tohave been a manifestation ofthe onset of 
‘cooler climate across the northern hemisphere, marked by ce rafting off Greenland, 
though not by any serious advance ofthe Siberian High. If conditions certainly 

‘id not reach the sale ofthe final Bronze Age crisis or the Little ce Age that would 
rive a millennium later, ts lear that the Classical Optimum was ove, an forthe 
‘duration of the fe-afting eplsode, roughly running from AD 375 toAD 800, climate 
‘onaitions in northwest Eurasia were colder and more variable than thove during. 
the Clasical Optimum or the ensuing Medieval Optimum, so-alled.”® Very roughly, 
tote were the textbook Dark Ages. 

‘Afascinating argument kinks an episode of catastrophic climate change andthe 
‘onset of Justinian’ Plague an indeed the end ofthe classical age around the Old 
‘World. The ICC study of northern hemispheric temperature based on tre rings 
Indicates a short but vicious spike of col temperatures around AD 540 (re Figure 
UL), David Keys has complied the evidence to support the argument that amassive 
voleanic eruption occurred in AD 536, Mankating the earth ina sulphur haze. Keys 
placed this eruption in Indonesia or Papua New Guinea, but recent work suggests 
that the location was the volcano lopango in El Salvador. Cutting solar input for ax 
‘much a a decade, thie volcanic haze was recorded in texts from Britainto Korea, 
describing dark day, a dim sun, and mid-summer frost; in south China it rained 
yellow dust that could be "scooped up in handfuls" Keys argues that this brief 
‘disruption hada series of profound effects, Droughts across the Asian grasslands sent 
a final wave of nomads agains the frontiers ofthe eastern empire, further eroding a 
Roman legacy nally lost when the Turks set in motion inthe $40s by droughts in 
Mongolia destroyed the las vestiges of Byzantium in the mid-Afteenth century. In 
‘Yemen, Keys angus that massive floods flowing the S36 event fom the S40s othe 
590 destroyed the massive Marb Dam -which had regulated the flow ofitrigation 
‘waters for theancient Arabian kingfom of Saba. Tis crisis, combined with the 
‘plague, destroyed the population and pliticl power of Yemen, allowing the balance 


‘im Arbiato shift to Madina. Here the prophet Mohammed emerged to found Islam, 
world religion that - with Christianity - would redefine the cultural geography of 
‘the shattered pices ofthe ancient Mediterranean and southwest Aslan empires. The 
Plague itself was a product ofthe 536 event, Keys also argues. He proposes that the 
‘ins that followed a decade of pos-eruption drought set off «burst of reproduction 
among mice in Eat Avis, mice carrying fleas that are hosts tothe bubonic plague. 
He argues that with this explosion ofthe mouse population, fleas carrying the plague 
‘bacillus were transferred to Back rats living in the shipping invelved in transporting. 
‘lephant ivory north through the Red Sea tothe Mediterranean, This sequence, he 
‘uggests, was the origin ofthe Justinian Plague that hit the Mediterranean in 542 and 
then are fr centuries *? 

‘Keys traces his thesis tothe four comers ofthe earth from Indonesia, to Britain, 
to south Chin, to Mexico. t would appear thatthe 536 event was a wildcard 
punctuation exacerbating but causally unrelated tothe climatic decline that had 
tet in during the thi century. He may wellbe right that thiseatastrophe sharply 
‘marked the clove ofthe ancient world and the beginning of something new, ifnot 
auite what he calls “the modern wor” But if many ofthe structures ofthe ancient 
World collapsed in the mide ofthe sixth century, and new structures began to 
‘emerge, the emergence of acoherent medieval world would take some time to 
‘coalesce. Natura forces operating around the globe played an important part in 
‘shaping tis slow development. The Justinian Plague and its continuations ravaged, 
the NoarEart andthe eastern Mediterranean fr more than 200 years, reversing ts 
cent regrowth of population, while tha less ofan ongoing impact on western 
sand northern Europe because post-Roman society was insulated from long-distance 
trade by its very poverty. MeNebl speculates thatthe “swarming” both Viking 
"Norse and Islamic Arab warriors may have refected the growth of populations 
somewhat isolated from the later stages ofthe Justinian Plague. The plague may have 
‘erupted in China during the seventh century 

‘num, s¢ would not appear that Mathustan overpopulation fundamentally 
‘drove the collapse of Olé World antiquity. While they mayor may not~have been 
‘aught ina tightening Malthusian trap, theres no reason to believe that these were 
‘cates onthe knife edge of collapse. Absent the primary impact of exogenous 
‘epidemic disease and the secondary impact of abrupt climate change, there sno 
reason to think that they might not have continued cn trajectories that were already 
longer than the entire history ofthe modern economy. Perhaps they were nat poled 
tolaunch that economic modernity but they werenot necessarily preordained 
‘twcollaps either Certainly political structures imposed profound limits on the 
‘iabity of ancient policy and decision making, butit is dificult not tose wider and 
‘more profound limits imposed by natural forces 
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9 The Global Dark and Middle Ages, AD 542-1350 


‘The millennium from AD S00 to AD 1500's suffering from an identity crisis. 
‘Theconvenient labels of Dark Ages and Middle Ages have come under attack from 
historians seeking to unsettle our standard narrative chronology, and to get at 

the qualities oftived experience during these centuries. Peter rown ed the way, 
smoothing out the discontinuities between an Age ofRomeand the Middle Ages 
with the construct of aLate Antiquity” running from roughly AD 400 to AD 900, 
‘condemning the ack Ages to outer darkness. tthe other end ofthe spectrum, the 
terms late medieval and early modem, covering the period from 135010 1815, are 
‘equally problematic because the people ofthe period had no sense of themselves as 
‘ending the Midae Ages or launching "modernity atleast before 1700, In general, 
historians are questioning the cultural perioization of the entire domain before 
1700, proposing that itll should simply be sen as premodern. Then of course 
there isthe question of whether moderity isa universal, or aterm fundamentally & 
feature of North Atlantic societies from some time nthe eighteenth century? 


‘When f wear my hat as cultural historian, tam happy toengagein these 
“debates, but the older terms make some sense from an earth systems perspective 
ere we enter direct into Victor Lebermaris word of “strange parallels." Just 
‘hey uncannily suppor traditional understandings ofthe chronology of longer 
antiquity running between 3000 BC and the “fall of Rome” the boundaries and 
‘constraints imposed bythe actin of climate and disease broadly reinforce the 
traditional historical chronology for the next millennium. Climate and disease 
‘made Brown's Late Antiquity atough time in both hemispheres, perhaps a “Dare 
‘Age! The climatic Middle Ages also have some global coherence, with an early 
Middle Age running from 900-1275 seeing an optimum in some places, in others 
‘ite the reverse, fllowed by alate Middle Agerunning to 15S0 and encompassing 
theentering phases ofthe Lite Ice Age. The epoch running from the fourteenth 
century tothe seventeenth century does broadly make sense a¢.ahinge toward 
modernity, for rezone spelled out in the next chapter While try tobe respectful 
‘historians interpretive concerns must also respect the chronology imposed by 
natural history and the needs of nonspecialists for familiar signposts. So1 wil useold 
labelshere, in telling story in this chapter that echoes that ofthe as two chapters, 
and anticipates the next two, Te ive millennium sequence running fromthe fist 
brigins ofthe tateto our contemporary world can be seen asa series of surges and 
setbacks, Licbermants “strange parallels” Very broadly, the surges were the Bronze 
Age, the longer lasting ancent-medieval world, and our contemporary modernity; 
‘the setbacks were shaped bythe Mid-Holocene, Preclassical, and Little ee Age 


Hallstatt solar minima that preceded and intervened, at 4000-3000 BC, 1200-600 
1c, and AD 1300-1700, But just asthe ronae Age epoch was segmented in China, 
India, the Americas, and the greater Mediterranean by various lca earth systems 
‘events, more recent premodern history has its boundaries too: the regular onset 
‘ofthe Dark Ages, the medieval climate regime, he Black Death, and the calamitous 
slnteenth-to-seventeenth century crises that encompassed both hemispheresin 
ifferent but reinforcing ways And just as we ask questions about Smithian growth, 
Ina global antiquity, too we must ask the mame question ofthe Middle Age and the 
‘stly modern period. 


Climate Reversals in the Tropics and the North 


‘The Dark Ages, AD 400-900 


Very broadly and difusey, the end of global classical antiquity was shaped in some 
‘measure by a climatic global Dark Age running from roughly AD 400 to AD 900. This 
reversal was coherent in many parts ofthe world, butt dl not have the reach and 
consequences ofthe two Hallstatt minimum/Siberian High epochs that bracketed 
both clasical antiquity and the fiddle Ages Rather than a strong Siberian High 

st wor, these climatic Dark Ages were marked in acold northern hemisphere by 
‘round of North Atlantic ice ating, and by ENSO varlation in the Pacific iting 
toward the 1 Nit mode, with erratic floods and droughts along the Andean coat 
‘The Aslan monsoon rapimes during the Dark Ages seer tohave been somewhat 
Aetached from these forces, perhaps because the ENSO pattern was somewhat more 
sporadic than ithad been before 400 or would be after 900, This quat-plobal Dake 
‘Age was followed bya strong reversal-the epoch ofa Mleval Climate Anomaly ~ 
that brought drought to some ofthe tropics and two centuries of warm stable climate 
tomostof the north (see Figures I Sa-d), 


‘There are hints ofthe beginnings of thle shift by the third century AD, when the 
Inertropieal Convergence Zone ITCZ) sifted south, matching a sharp dropin 
northern temperatures. By AD 350 to AD 400, when these conditions were reversed 
temporarily, the critical fores shaping Dark Age climate were in place perhaps inked 
with asolar minimum that peed at 400.tn the North Atlantic and the southwest 
Paci there wee sharp and simultaneous shifts toward both ce rafting and a 
‘cooling of the Pacific Warm Poo: the reversal of the minimal North Atlantic iceand 
warm waters in the Pacific Warm Pool that had ben critical features of the laesical 
Optimum. erating in the North Atlantic would bracket the entire Dark Ages in a 
‘double-headed surge running through the ninth century AD. The water temperature 
inthe southwest Pacific would oxcilatefn sx ub-century swings between AD 400 
and sbout AD 1000, apparenty shaping a series of oscilations between 
predominantly E!Nijo and La Nida modes, contrasting with both the Classical 


(Optimum and the medieval regime, when the west Pacific waters were generally 
warm, and ENSO ina La Nia mode. The ITCZas measured inthe Caribbean slowly 
slid south after 400, reaching an extreme between 750 and 850, another marker of & 
‘old narth regime In Ching, the summer monsoon seems tohave weakened from 300 
‘tm 600, and the winter monsoon intensified between 450 and 600. These conditions 
leary intensified between 500 and 600, with the onset ofthe Vandal Solar Minimum, 
‘which would peak around 690, and the powerfulimpact ofthe AD 536 volcanic mega- 
‘eruption. These forces brought the climatic Dak Ages decisively to Europe, with the 
‘winter westeries shifting south (with a negative mode of NAO) and sharply 
Increasing in the Mediterranean into Anatolia, Southwest Asa, and probably Central 
Asia. Conversely, generally declining summer monsoons in South Asia through 900 
Were shaped bya strong El Nifo pattern ofthe ENSO. An unnamed solar minimum at 
‘AD 900 (coinciding witha century or more of significant volcanic eruptions) 
Intensified these conditions, with shattering impacts on societies throughout the 
world, But after AD 900, most of these conditions reversed ie rafting receding from 
the North Atlantic, ENSO shifting toward a La Nia mode, northern hemisphere 
temperatures rising, the NAO shifting back to postive mode and drying the 
Mediterranean and Southwest Asia. With the La Nia pattern, South Aslan and, 
‘Chinese summer monsoons both strengthened, not without some eversals But the 
trajectory was established and the unique ac of early medieval climate had begun, 
running from AD 900 to AD 1300? 


Leaving the causal forces tothe climate sclentsts, we can map the impacts 
‘ofclimate stress inthe post ancent Dark: Ages, between ~AD 400 and AD 900. 
Population stagnated in Europe and China, which barely managed by AD 1000 to 
restore their population levels of AD 200, 800 years earlier. Similar forces may have 
‘haped the rough contours of Indian history (se Figures ILSb, IL 9), Measures of 
the South Asian monsoon suggest increasingly drier conditions during the Darke 
‘Ages, consonant witha colder north, a cooler West Pacific Warm Pool, and the El 
‘Nifio ENSO mode. The classical Gupta empire emerged in the Ganges Valley around 
15, was atts pak between 375 and 615, and completely gone by $50. The Gupta 
seam tohave emerge! after harsh droughts atthe turn ofthe fourth century and 
<ollapsed after similar droughts at the end of thefifth century. The arrival ofabranch 
‘ofthe Hune from Central Asa at around $00 contributed tothe final collapse ofthe 
‘Gupta into various warring kingtoms. Islamic Arabs began to conquer the western 
spproaches tothe subcontinent inthe eighth century, when two estimates show 
South Asa inthe mids of along advance toward drought conditions running from 
roughly AD 600 to AD 900 

‘The first several centuries ofthe Dark Age climate pattern were the background 
‘conter forthe rise and spread of slam in Arabia and across thearidzane from 
India to Spain tt seems likely thatthe catastrophic flooding of the early Dark Apes, 
‘with theongoing impacts of the Justinian Plague shaped the march of erly Islam. 
(On the postive side, however, the Mediterranean and Southwest Asia continued to 


‘have relatively high precipitation throughout the negative NAO Dark Ager. Such 
‘might well have provided the material underpinnings ofthe strength ofthe Islamic 
Golden Age, and an agriculture that supported the rise of ities across the Arab- 
Islamic domain, Here opinion is divided, with one camp describing an Islamic Green 
Revolution of new species and new agricultural techniques, while another sees 
‘more continuities with classical times and only minimal population growth across 
‘the Islamic word: as is usually the case the resolution may le somewhere inthe 
middle, butt may well turn out that Islamic achievements were based in some small, 
‘measure in the stronger southerly low ofthe Atlantic winter westerlies.© 


Allof the various estimates for ENSO on the Andean coasts suggest sequence 
‘of wid extremes of precipitation between AD 400 and AD 1000 (see Figure Ila), 
‘The onset of Dark Age ENSO climatic whiplash conditions shaped the collapse 
‘oftwo Early Intermediate Peruvian cultures the Moche and the Nasa, which 
‘emerged around 200 BC and collapsed ina burst of mega-El Nifo footing anda 
severe drought inthe late 500s AD; at roughly the same time the great city-state of 
“eotihuacan collapsed, a droughts hit the Mexican highlands. As the Moche and 
[Nasa faded new cultures ofthe “Middle Horizon" emerged, deploying new strategies 
‘of settlement and subsistence to withstand the challenges of an epoch of erratic El 
"No impacts The Huar, nthe southern highlands, inverted in extensive trigation 
ystems that drew for high-altitude water sources; the Tiwanaku, around high 
altitude Lake Titicaca, grew crops on unique raised beds inthe ake. Both lasted 
several hundred year ax coberent urban-centered empires: the Huart splintered after 
£00, and the Tiwanaku around 1100, under the impact of the droughts shaped by the 
Pacific medieval La Nia regime? 

‘Acimilar climatic sequence shaped the history ofthe tropical Maya. Until recently, 
the collapse of the Mayan civilization in the Yucatan interior hasbeen seen asa 
lassie case ofan endogenously driven collapse, in which population growth on 
fragile tropical soils undermined the enviromental sustainabibty ofthe culture 
Such may have been at work, to some mensure. But it hasbeen demonstrated 
‘decisively thatthe course of Mayan history war alo shaped by aserir of drought, 

‘Where Andean cultures were subject to the volatile Pacific regime, with some 
‘moderating influences running from the South American monsoon driven by 
‘easterly trade winds from the South Atlantic, the Yucatan and Mesoamerica generally 
are watered bya summer rainy season, when anorth-rding ITCZ brings precipitation 
offthe Caribbean via easterly trade winds The southward shift of the TCZ, common 
during E No years when easteres are nterrupte, brings summer drought to 
‘Mesoamerica Preclasical Mayan culture developed during the relatively stable 
‘conditions ofthe Classical Optimum over several centuries lending upto AD 200, 
‘when a series of sharp droughts, measured in sediment at Cariaco and from two 
lakes in the Yueatan, coincide with period of abandonment (see Figure L5d). 
‘Classical Mayan culture develope for more than 300 yeas before another 


abandonment during the 580s known asthe Mayan hiatus, coinciding with the 
‘droughts that undermined Teotihuacan in Mexico andthe Moche and the Nascain 
Peru. Reesablished in the 600s, the Mayan hierarchy contended with dry Dark Age 
‘conditions by constructing its primate temple cities as elaborate water-management 
systems, building templeson high points, and collecting rainy season unofTin 
adjacent quarries and lagoons While Mayan agricultural practice and population 
rowth might well have been unsustainable in thelong un, when crisis camel was 
<eiven by exogenous climatic conditions After recovery and 200 year of further 
‘expansion, the great Mayan cities began to decline during the late 700s, and soon, 
afer 900 had utery collapsed. The evidence from the Caraco basin, from the 
‘Yucatan lakes, and from the Quelceayaice cap all show a eres of sharp droughts 
‘occuring within a drier period beginning at 760. This advancing drought was 
‘dimension ofthe inal stages ofthe Dark Age climate regime, shaped by an 
Increasingly southern position ofthe ITCZ coherent with arising volatility of ENO 
flooding and droughts inthe Andes. The Maya may not have collapsed precisely, #0 
ruc as they shifted rom agrarian societies around the great temple cities ofthe 
Interiortoa more tradeoriented economy on coastal regions inthe northern 
Yucatan Ropulation pressure and environmental degradation probably put Mayan 
soclety under rest but -as one careful wummary has putt it“s probably not 
‘olneidenta” tha a dramatic cultural transformation coincided with a powerfsb 
limatic impact? 

‘The inal transformation ofthe Maya around AD 900 was one symptom of wider 
_loba climatic event that intensified the closing century ofthe Dark Ageclimatic 
system. A minor solar minimum and coinident volcan eruptions seem to have 
driven a simultaneous drop in northern hemisphere temperatures, the advance of 
‘heChinese cold winter monsoon, and the treat of the Asian surnmer monsoon. tn 
particular, the fate of societies inthe Americas and tn China are curiously linked, and 
suggests that a wider Pacific influence was at work. 


‘The records from the Huguang Maar lak sediments which measure the strength 
of the cold dry winter monsoon in southern China matcher the California drought 
estimates and the Caracotitanium record remarkably well suggesting trane- Pacific 
connections running along the Intertropical Convergence Zone. The Huguang Maar 
record of winter monsoon intensity als, as we have seen tracks the ise and fallof 
(Chinese polities with remarkable precision through the fist millennium AD (see 
Figure 5c) nthe wake ofthe Han dynasty, which colapeed in 220 during period 
of strong, dry, cold winter monsoons, the in polity oughly matched the closing 
chronology ofthe Peruvian Moche and Nasca cultures, and the Mayan Pre-Clati, 
‘running from 265-420, collapsing at the onset of nother spike of winter monsoon 
Intensity 

‘The inhad not unified China but competed with other parle dynastical polities 
during acold and unstable ea of “Disunty” from 2200589, when China was finally 


‘seunited under the Sui and then the Tang dynasty in 618, Therole of natural forces 
{in thepost-Disunty centuries clear and obvious, and can be tracked not only by the 
winter monscon, but in. growing list of increasingly refined indexer ofthe summer 
‘monsoon, including along stalapmite record from the easter edge ofthe Tibetan 
plateau and a synthesis of North China records both going back 1,800 yeas, nd 
‘ree ring annual temperature estimates for China and Mongolia that date back to AD 
£200: Epidemic disease also played 2 fundamental role. 

‘The summer monsoon records suggest thatthe entire period of Disunity was one 
‘of moderate sumumer monsoons, but increasing around $50. Thebrief but significant 
spanof he Sul dynasty from $89 10617, which reuniied China forthe first time 
‘nce the Han, coincided with the end ofthis period of strong monsoons nd its 
‘inal years sae a series of floods that set off the rebelions that brought down the 
‘dynasty! The Tang dymasty ~from 617 to 907 had virtually the exact dates of 
the Late Classic Maya, and coincided withthe height of Huar and Tiwanal Peru. 
Successfully ruling a united and expanding China during ts frst century early in 
the eghth century, the Tang regime was stressed by recurring onslaights of fod, 
rough, and locusts fom around 710to 730 and simultaneously became embroiled 
with frontier struggles in the west, during which a severe “pestilence” broke out 
among the steppe tribes. These frontier wars set off the punishing An Lu-Shan 
Rebellion of 755-63 that sapped the resources and legitimacy ofthe Tang nts 
‘losing years, bubonic plague possibly introduced from the nomad steppe via the 
rebel armies - devastate broad rgions of coastal southern China, cutting Chinese 
populations drastically. Weakened by rebellion, the collapse of central authority, and 
the Impacto plague, the Tang cour struggled on for another century ors, before 
Sinally it collapsed in 907 asthe droughts, foods, locusts, and famine caused by fifty 
‘yearsof harth winter monsoons and weak summer monsoons, and thirty years of 
plunging summer temperatures, launched waves of brigandage and rebellion, ‘7 

‘These events unfolded exactly a the same time asthe Mayan cis and brosdly 
with the collapse of Andean Middle Horizon cultures, and comprised some of the 
final acts of the global Dark Ages. There are thus remarkable parallels inthe fate 
of societies around the circum Pacific uring this millennium, shaped, tt would 
appear, bya trans Pacific patter of climatic change inked along the ITCZ, and by 
its southward shift uring the 800s and 900s” Intense drought inthe Yucatan 
snd E Nii fooding followed by rough along the Andean coast matched intense 
‘winter cold in northeast Asia. On both sides of the ocean, long-established societies 
collapeed as productive systems fled, people starved, and rebellions and wars 
destroyed ancient pattems of authority. And these ateDatk Age Pacific events 
hha ther Atlantic analogs aswell, during several centuries of recorded severe 
‘winters between 750 and 950, across Europe tothe Black Se, which match up with 
Indications of vecanic eruptions in the Greenland ice ecards. Broadly coinciding 
‘withthe Carolingian empire lanched by Charlemagne, this sequenceof cold winter 


‘dimates stressed, iit didnot impede, the is of western Europe at theclose ofthe 
‘iest millennium. 


‘The Medieval Climate Anomaly, AD 900-1275 
“The South American La Nila droughts fllowing AD 900 marked the beginning of 
1 fundamental shift to very diferent global climate patterns: the Medieval Climate 
Anomaly (MCA) an enduring climatic pattern that as much as anything else gives 
the Middle Ages global coherence It was shaped fundamentally by alower rate of 
‘volcanic ation between about 960 and 1150, anda "grand solar maximum running 
from the eleventh tothe thirteenth century. The two great global oceanic pumps 
‘responded: the thermohaline pump off Greenland intensified and the West Pacific 
‘Warm Poo pled up with warmer waters The result was a warm north, amansoon 
surge in Asia, and severe droughts in parts of the equatorial tropics, 

‘Seen from Europe, the Mediterranean circuit, southern Asia and eastern North 
America, this was a Medieval Optimum, echoing the Clasical Optimum, with warm 
stable climates developing afer 900 and dominating between 980 and 1150, Here 
the receding ice rafting ff Greenland signaled the strengthening of thermohaline 
‘reulation, drawing equatorial heat up into the North Atlantic, Asthe icebergs in the 
North Atlantic melted away, the ITCZ shifted north and a warm and vigorous Gulf 
‘Stream warmed the North Atlantic and northwest Burope. Simultaneously, the North 
Atlantic Oseilations shifted tots postive mode, drawing winter precipitation away 
from the Mediterranean tothe north Temperatures in the northern hemisphere 
were extremely warm and stable, warmer than they would be nti the opening of 
the twentieth century. Ata measure ofthis warmth, twas during the opening of 
this warm sequence, between the 860s and 1000, thatthe Norse Vikings settled first 
Teeland and then Greenland! 


‘The Medieval Climate Anomaly, however, had complex and contrary impacts 
cross many other parts ofthe work The ITC at measured at Carico, shifted north 
‘acisvely between 900 and 1075. The strong thermohaline pump off Greenland, 
pulled warm South Atlantic waters north, anda warmer North Atlanticenhanced 
thecasterly trade winds lowing tothe west over South America andthe Pacific 
‘Theeastarly trade winds would have strengthened the Walker Circulation and 
pushed warm Pacific waters tothe Wet Paciic Warm Poo, which was particularly 
‘warm with high sea levels-between 1000 and about 1260. The ENSO variation 
‘ectined and a deep and sustained La Nia episode began The Medieval Climate 
Anomaly brought drought and criss to much of the tropics, but it brought regular 
‘monsoons to southern Asia and mild warm climates to much of the temperate north 
‘mid-atitudes, especially those facing the Atlantic, where it was experienced as the 
“Medieval Optimum” or Medieval Warm Period” replicating some ofthe features of 
the Ancient Optimum. tt cametoan end asa great burst of Nifis struck the Pacific 
American coasts around 1260; the southern Asia monsoons began to fail and the 


"North Atlantic climate began to turn colder and more erratic The opening stages of 
the Little Ice Age proper would follow. 


Population and Health in the Old World 
Dark and Middle Ages 


How di people of the Old World fare during the Dark Age interval between antiquity 
and the Middle Ages? These were the centuries of plague climate downturn, and 
imperial collapse. They brought 2 serious decline in population: Jean Biraben' 
‘numbers are even roughly correct, the populations ofthe Old World core regions 
‘ected by a quarter between: AD 200 and AD 400, and barely recovered by 1000 
Clearly the bubonic plague that struck China in 762, and perhaps the steppe 
forty-five years earlier, was in some way connected tothe Justinian Plague and its 
aftershocks that continued to surge through the wider Mediterranean worl into 
theninth century. These impacts reached as far as Japan, which had until the sixth 
century been insulated from continental disease regimes. But Buddhist missionaries 
Introduced smallpexto Japan in $82, and starting inthe eighth century recurring 
Incursions of smalipox and measles separated enough to negate ari immunites 
worked to stabliz and even suppress population growth. By 806, the plague also 
reach Japan, which didnot se significant population growth until the thirteenth 
century: 

ut amaller populations meant more resources for fewer people, andthe collapse 
‘of imperial trade minimized the circulation ofthe diseases that had killed 90 many. f 
adult stature s any measure, depopulation was reasonably good forroutine health, 
‘Wedo ot have gical data but the European evidence for stature is quite striking. 
‘Thote people who survived the onslaught of plague, and made the adjustment to 
both the advance of colder climates and th erosion of imperial structure, were 
langer than their forbears. The results of variety of studies suggest that Europeans 
living in the sith century were roughly 2-2 5 em aller than those living inthe 

age of empire (see Figure I.7). While these heights declined somewhat during the 
‘ext few centuries, they remained taller than the Roman-era average, and generally 
climbed in the frst two centuries of the Medieval Optimum, the eleventh and twefth 
centuries. rtish skeletons indicate that post-Roman peoples were not only taller 
‘but moderately healthier, s measured by tooth los, Harris lines and caries (dental 
ecay), Strikingly stature dectned in Viking Denmatk, where population growth, 
internal stratification, and long ange raiding an trade may have taken atoll!" But 
the prevling story spain: once freed ofthe density, inequality, exporureto disease, 
and detrimental childrearing of imperial times, European heath improved. 

‘Health improved in much smaller populations, andin societies that were 
beginning tobe fundamentally reordered. With the end ofthe coercive structures of 
‘the empire and the rice of Christianity, new religion centered on the nuciear family, 


ancient patterns of elite polygamy and commoner slavery gave way toa classic 
household structure centered on the monogamous family? (The exception tothis 
‘ule of nuclear families, ofcourse, was the ise of celibate religious orders) Peasant 
households may have owed vertical obligations t overlords, but they were elatvely 
froeto manage their day-to-day affairs For at least several centuries they id sin 
an almost wild relatively abandoned landscape of temperate forests and wetlands, 
Inwhich wild food was reasonably plentiful, as was and for agriculture ° Ofcourse 
thelower heights in the eighth to tenth centuries might suggest thatthe advancing 
‘ool wet climates ofthe Dark Ages almost offset the advantages of surviving the end 
‘fempire, as must have the gradual recovery of population: heights peaked atthe 
trough of population, and then declined as numbers grew? 

But theres also another contert forthe post-Roman surge in European heights, 
with some sinister implications. Michael McCormick has concluded in a massive 
stu that “the origins ofthe European economy" lay in restoration of trade 
between Europe north ofthe Alpe and the Mediterranean beginning in 750, a pattern 
that echoes the center periphery routes that ad structured this relationship in 
the Bronze and tron Ages Here disease played a central role. The collapse of rade 
with the collapse of empire had meant that an autarchictran-Alpine Europe 
was relatively free ofthe recurring bouts of plagues that continued to strike the 
‘Mediterranean and the Near East. However, one ofthe fil plagues devastated the 
local supply of abor in the emerging Islamic world, and McCormick argues that the 
rerswalof tes between north and south between 750 an 900 was infact driven bya 
lave trade, at men and women captured in war and rating across Europe were wold 
‘outh Into the alam Mediterranean word? 


Significant as this slave trade may have been, it had no discernable impact on the 
course of European demographic history, for after the tenth century Europe began a 
tre to unprecadente levels of population, as di the word at large, in whats called 
the medieval cycle of population growth Global population may have quadrupled 
between 1000 BC and the ancient peak of populaticn in AD 200; between 600 and 
1300 almost doubled, moet ofthat increase coming after 1000. Europe, India, and 
‘China grew particularly rapidly: comprising about haf ofthe werd population in 
1000, they made up morethan 60 percent of the world total by 1250. 


Growth and Crisis in the Medieval World, 1000-1350 


For 200 to 300 years, medieval peoples of much of Europe and Asia basked inthe 
‘warm, mild climates brought by the Medieval Climate Anomaly, and increased 
thelr numbers Did their economies keep up with these numbers? Even get ahead 
bit, through acyele of Smithian growth? The fortunes ofthese growing medieval 
‘populations is the subject of lang and hard-fought dehate Was there “economic 
_owth’ during the Middle Ages? Or were the Old World centers facing a Malthusian 


‘crisis when the lack Death rodein from the steppes of Asian the middle ofthe 
fourteenth century? 


Southern Asia 
‘The medieval La Nifa drove different outzomes, some positive, some negative, 
‘Across southern Asa from south China to India after an epoch af drought, summer 
‘monsoons returned for roughly 500 years. In India the enhanced monsoons 
underwrote the increased longevity ofthe Hindu and Buddhist Kingdoms ofthe 
‘lagsical ge, particulary across south India, where stronger monsoons supported 
sn expansion of agriculture in the dry interior. By AD 1000, merchants in these 
‘South India kingdoms were engaged in a vigorous trade with newly emerged 
complex societies across the Ray of Bengal. Herein Southeast Asia the trong 
‘medieval monsoons shaped a parallel orescence, contributing tothe rise ofthe 
Pagan Kingdom in Burma, the Kiymer in Cambodia, the Champa on the central 
cous of Vietnam, and the Ly and Than dynasties inthe Red River valley in northern 
Vietnam see Figures 5b, 11.9) 

‘Thus across South Asia to Southeast Asa asin northern Europe, the La Ni of 
the Medieval Climate Anomaly brought favorable climates, whet lasted, unt the 
endo the thirteenth century. But other raions did not do quite o wellin these 
‘medieval La Nia centuries. As the positive NAO carried summer warmth and winter 
precipitation intonorthern Europe, drought struck acrosthe Mediterranean, into 
‘Southwest Asia as far as tran, and into Central Asta From the Atlantic tothe Indlan 
(Ocean, equatorial Arica mw harsh drought conditions between 1000 and 1250 
‘The low of water inthe Nie River dropped drastically between 930 and 1350, 
Interrupted after 1070 by acentury of extremely high flooding? (ie Figures 5a, 
110). 

‘Shaped by diferent forces acting within the wider global warming ofthe Medieval 
Climate Anomaly, the suppression ofthe Nile flow and the northward shift ofthe 
winter westelies brought devastation to societies around the eastern Mediterranean 
snd tothe east Ronnie Elenblum has synthesized the efectsf these droughts, and 
ses them stating around 950 but particularly focused between 1020 and 1070, 
precisely the period when Europe was emerging from the Dak Ages (see Figure 
UL.) Hacvest failures in Egypt were followed by cold drought from southern Italy 
to rag, and then by agricultural and political collapses in ran and Baghdad, the 
weakening of ities, the abandonment of lands, and the ise of nomadic incursions 
‘onall sides, During the droughts, Egypt suffered catastrophic famines, often 
‘compounded by earthquakes and plague, in the 960s, the 1020s, and around 1200; 
‘while Europe doubled its population from 36 milion to 79 milion between 1000, 
and 1500, Egypt stagnated tS milion. In fascinating if perhaps controversial 
argument, Ellenblum claims thatthe thre gest early medieval droughts 


‘undermined surviving Christan cultures throughout the region south of Byzantium, 
and drovea surge of slamization 7 


‘North America 


[Matching the weskened Atlantic monsoons in West Africa the South American 
‘monsoon, which flows frm the South Atlantic to water the Amazon region upto the 
hight ofthe eastern Andes, reached its worst recorded drought conditions during 
‘the tenth and eleventh centuries = On th Pacific side, La Nia droughts in Peru and 
inwestern North America ~sometimes termed megudrouphts put stress, at times 
‘catastrophe stress, on American populations In North Americ, the warmth ofthe 
Medieval Cimate Anomaly brought an ambiguous benefit The Mesoamerican food 
‘complex centered on maize/comn was by its nature tropical and cooler climates tothe 
north had blocked its adoption north ofthe Southwest, where variety called Maiz 
‘de Ocho developed ater the arrival of Mesoamerican progenitors around 1000 BC. 
‘After roughly AD 700, this Maize Ocho variety began to spread into the Mississippi 
valley;by AD 1000, significantly warmer temperatures and longer growing veasons 
made ita staple of growing and concentrating populations. By the fourteenth 
‘century, malnutrition derived from acomn-dependent dit was clearly evident in 
‘there populations *” But the warm temperatures ofthe Medieval imate Anomaly 
also brought severe drought tothe California coast, nthe desert Southwest, and into 
the Plains, Along the southern California coast, the medieval La Nia megadroughts 
‘diminished resources after AD 800, diving rising violence, mtritional stress, and 
roca hierarchy and complexity. tn the American desert Southwest, facing the 
earliest La Nifa conditions, the ancient Pueblo peoples developed increasingly dense 
and yedentary village systems based on intensified corm agriculture, na pattern 
‘eminiscent of Harappan wsbanization asthe South Aslan monsoons began to fade 
sound 2600 BC.29 


Another drought launched trajectory toward complex society developed inthe 
central Missssipp valley, which may have comprised something ofa refuge for 
eoplos affected by drought on the upper Missour River east to northern Minos 
perhaps something lke events in Mesopotamian the fourth millennium BC, The 
‘middle of North America seems to have been affected by both the Pacific La Nia 
‘pattern and the growing humidifying strength of the North Atlantic oceanic 
warming, which would not peak until roughly 1200. Thus, while there war an 
Intense drought in the mid-Misissipp region around 940-85, the next century was 
‘elatvely humid, with ing water tablee Corn agriculture was wel established by 
AD 900, and its intensification during the humid eleventh century provided the base 
‘fora growing population building a massive proto-urban temple complex at Cahokia, 
atthe fork ofthe Ohio and Mississippi, starting around AD 1050" see Figure I 5b). 
‘The fnal centuries ofthe Mecieval Climate Anomaly had devastating impactsin 
‘North America, inthe form of a waveof megadroughts on scale not since recorded, 


‘TheITCZ had moved sharply south between 1050 and 1100, but was moving north 
between 1100 and 1300, continuing the static La Nike ENSO pattern that 
‘dominated the MCA. The North Atlantic waters were at their warmest a 1200, as 
‘measured by IRD ie rafting, though northern hemisphere temperature was already 
‘declining. A vlatile transition between the last manifestations ofthe Medieval 
Climate Anomaly an the opening ofthe Little Ice Age was taking shape. Inthe 
‘plateau regions of the Southwest and the middle reaches of the Misissipp valley, 
‘extensive village-based populations had emerged with the onset ofthe warm, dry 
‘conditions ofthe MCA at AD 900. These societies, and the Late Woodland peoples to 
the east were now fd by com agriculture. Powerful, coercive social hierarchies 
‘rapidly emerged in what is known asthe Mississippian culture, Chaco Canyon, in the 
‘Southwest, and the city-state of Cahokia atthe confluence of the Ohioand the 
Mississippi, were important centers of population ritual, and presumably forms of 
governance across large area. Both regions and their respective centers prospered 
‘uring the EI Nido interval in the eleventh century, but went into significant decline 
atthe middle ofthe thirteenth century, uring the peak ofthe medieval La Nif. In 
the Southwest frst phase of megadrought between 1120 and 1150 forced the 
sbandonment ofthe ritual center at Chaco; under continuing impact of drought the 
incfent Pueblo around 1250 congregated at Mesa Verde in great cif towns bull for 
defense, before suddenly abandoning the platen for the RioGrande Valley around 
1300. Inthe Masissipl vale, the droughts it ina zeres of progressively deep 
‘wings between 1100 and 1245, driving adecine in the the population of Cahokia 
from a peak at 1075-1100. The fist trly severe drought struck around 1140, forcing 
the abandonment of prairie farming communities in Mlinois that had supported the 
‘Cahokia population. The 1140-55 drought and three successive droughts through 
1245 each coincided exactly with four constructions of palisade fortifications; by 
1350 Cahokia was essentially abandoned. Smiary, drought seems to have played a 
rolein the various abandonment ofthe second-order Mississippian sitestothe south 
at Etowah, Georgia and Moundvil, Alabama, between 1250 and 1375." 


China and Mongolia 


While the fortunes and fates fal of these societies canbe framed inthe model of 
suditve growth suggested by Adam Smith the debate over medieval Smithian 
_owth has centered on the ris of population andthe performance of economy in 
‘Song China nd the European High Middle Ages Song China, from AD96Oto AD 
1279, was the more dramatic story Both Europe and China grew, but Song grew —and. 
‘rathed -much more spectacularly Between 1000 and 1200, Chinese populations 
‘more than double from 56 millon to 128 million. Urban populations reached into 
‘themilions. Behind this explosive growth lay acantury of warm temperatures 

and strong summer monsoons ~and short-lived economic revolution Song rulers 
“established a context in which fmnovation and commerciaiztion were supported 
ice paddy agriculture was transformed into an advanced cycle of twoand three 


‘crops per year with new tools and methods, new seeds, and massive investments 
In rigation. The government opened seven new portsto trade with Japan and 
Southeust Asa, and massively expanded its coinage to support commerce. ron 
production for commerce and war wae revolutionized, increasing twelefold, The 
‘expansion ofiron production contributed to wood supply crsirin North China coal 
hha been in se in small quantities since the fourth century but between 1050 and 
1126 itbecame the primary source of domestic and industrial fuel in North China, 
Key innovations elsewhere inthe Song economy included papermaking printing, 
_Eunpowsler, and the first mechanical processing of textiles Sending shipping 
‘out nto the China Sea and trading caravans overiand-the Song dominated an 
‘emerging medieval word system running eat through Central Asia and India, 
\Willam McNeil has argued that Chinas economic revolution during the Song. 
“tipped a critical balance in world history” toward the rise f the modern market 
‘economy and its power and reach 

Chinas explosive economic and population growth ~and pressure on resources 
Inthe north -may well have anticipated the ise of the modern worl but We an 
‘only hope that its quick demise isnot alsoan anticipation of things to come. China's 
population fel from a peak of 128 milion n 1200 back to 70-milion 1400. This 
Was nt, however, an endogenous cris of sustainability, eventhough the sudden 
“expansion of population inthe north contributed to anexty shift to fos fue 
‘This population growth coincided witha seemingly countervailing seventy-year 
long sequence of exceptionally cold dry winter monsoons which self must have 
‘contributed tothe fel crisis impelling the conversion to coal.® Chinese climate 
by tselfcannot explain Chinas terrible population crash; Chinese society and 
‘conomy made great strides in the face adverse conditions But if climate doesnot 
‘ecesaaily and directy explain China’ loss of population, played a contributing 
role with the key players of conquest and disease. 

(Chinas medieval crisis came n three stapes First, the northern Song domains fll, 
tothe Manchurian Jurchen tribal nomads in a sudden onslaught nthe late 1120s. 
Aimosta century later, in 1214-15, the Mongols ed by Chingris Khan conquered, 
north Ching; then, after continuing economic development, the southern Song, 
regions were conquered by the Mongols in 1279, Climate played a triggering rolein 
these events (see Figure ILS). 

‘Locking atthe various detailed estimates ofthe summer monsoon and summer 
temperatures, avery precise story emerges When the Tang collapsed in 907, China 
was suffering the combined efects ofa strong winter monsoon, a weak summer 
‘monsoon, and cold summer temperatures The Northern Song never faced quite thie, 
‘combination of climatic stress, and its exanomic strength -and perhaps its more 
‘compact geography -may have been a shield against collapse, protecting it against 
‘aseverecold snap around 10007 But temperature shits do seem tohave played a 
powerfulrle. 


‘Very broadly, China and Central Asa fared quite diferently during the Medieval 
Climate Anomaly and the subsequent Little Ice Age (cee Figures ll, IL 10). China 
seems to have had reasonably strong monsoon precipitation, though segmented by 
sharp reversals until the fourteenth century. Conversely, an analysis of arid Central 
‘Asia since AD 1000 finds drought conditions until sharp rise in humidity at 1350, 
{Ellowed by peak humidity between about 1550 and 1750, shaped by thenorth-to- 
south shift ofthe Atlantic westerlies at the onset ofthe Little Ice Age Pollen evidence 
‘from the Altai Mountains indicates dry colder conditions from 10000 1380, with 
severe cold between 1208 and 1307, Assuming that Manchuria and Mongolia shared 
this MCA arity, then the entire rise and expansion ofthe Manchurian Jurchens 
and then the Mongols under Genghis Khan and his successors from the early 
twelfth century into the thirteenth century unfolded during dry condition inthe 
Asian interior. It would appear that spikes of cold summer temperature in China 
combined with rewarming in Mongolia ~setthe stage for dynastic collapse and 
Invasion. When the Jurchen invasion (from Manchuria) came in 1127 it war inthe 
‘context of warm rebound from twenty years of cold in Mongolla, but cold pike in 
China, Similarly, the Mongol invasion of North China in 1214 followed thirty years of 
‘cold summer conditions in both regions, but was launched as Mongolia vas warming, 
and China was muferng the most intense summer cold since the Tang cris “AD 
00. The Mongol conquest ofthe southern Song domains in 1279 aguin camest a 
time of Mongolian warming and Chinese cold, again roughly as cold asthe terminal 
‘Tang period. The same pattera would be repeated in the 1640, when the Ming fell to 
thedlanchu. Climate clearly played.a decisive role in theve events, though the rurvival 
ofthe Northern Song indicates that it was not sufficient in and of set. # 


‘Violent conquest ina time of ol brought mass death The Mongol conquest 
‘ofNorth China was insanely destructive: peasants were massacred or forced into 
human wave attacks, fod production was dlrupted, nd presumably epidemics 
broke out, though other than one among the Mongol army itself they seem to have 
been unrecorded, Fopulation in the north dropped from 50 milion in 1195 to8.$ 
million 1235.The Mong conquest ofthe Song south uncer Kublai Khan in 1279 
‘was far less destructive asthe increasingly iiized Mongols sought to preserve 
the productive power ofthis society. But sixty yeas later, in 1331, epidemics began 
to sweep across China, slaughtering unfold thousands, and the total fallure ofthe 
summer monsoon marked the first stage ofthe Little Ice Agein East Asa In these 
‘conditions the country rose in rebellion against the Mongol Yuan dynasty, replacing 
iwith the Bing in 1368.9 

‘Was China's massive population inthe early thirteenth century unsustainable? 
‘Certainly there were resource issues in thedry north But agai, ike in the Roman 
empire, this was not a “Malthusian crisis” or atleastt never got tothat stage Just 
as North China's resource crisis must havebeen shaped by an episode of harsh 
‘dry climate, Chinas population crash war driven by exogenous forces: violent 


despliation by steppe nomads and then massive mortality from the plague, 
‘compounded by civil war and the change af regimes. 


Into the Little Ice Age 
‘Asthey had around AD 900, with the simultaneous crises in the Mayan Yucatan, 
snd Tang Ching, the trans Pacific forces of the Medieval imate Anomaly seemto 
‘have shaped parallel events fom the mi thirteenth century in East Asia and North 
‘America Acrossthe Pacific, the East Asian summer temperatures and records of 
‘megadroughts in Cental nd North America during the Medieval limate Anomaly 
swungina strikingly similar pattern. These waves of criss in thirteenth century 
China and North America were shaped broadly by the suppression of ENSO variation 
during the last centuries ofthe Medieval Cimate Anomaly. 


By the second half ofthe thirteenth century there were strong signs that the MCA 
was coming to anend.Itis tempting toseea critical role forthe massive voleanie 
eruption in 1258(ELChichon?), triggering an enarmous B Nis surge, which 
produced the massive "Miraflores" flooding in Peru and perhaps shaping awave of 
‘imate changes from the Pacific ITCZ tothe North Atlantic “©The ast decades of the 
‘eantury would als ae the onset ofthe Wolf solar minimum, the frst of three solar 
‘nla that would play ary ole nthe Lite Le Age. But the most important force 
at work was the dynamic between acooling north andthe restarting of the ENSO 
‘variation, bringing stronger El Nio/La Nia cycles tothe Americas, and.an end to 
the stron South Asian monsoon that had distantly influenced climates from the 
Eastern Maditeranean to China since around AD 950 (se Figure lS). 


In North America, the reemergence of E Nifo brought an endothe great MCA 
rmegadroughts, nd Muslanipplan centers reemerged inthe southeast, though not 
at Cahokia, Elsewhere the end ofthe Medieval imate Anomaly ought powerful 
stresses tothe socetes around the Pacific rim Inthe western Pacific, the sudden 
‘assertion of strong El Nifis, pulling warm waters tothe eas, drove a sudden fallin 
sea level and temperature, leading to endemic violence, settlement retreat, andthe 
‘end ofthe great age of Polynesian migrations. Along the Peruvian coastin the now 
warm and stormy eastern Pacific, the Chim empire, which fist began to develop 
‘betveen 1000 and 1100, but an elaborate seagoing chain of coastal commerce 
‘during this epoch, deploying great ling raft built of balsa wood and reeds+* 
arto the wet, southern Asia suddenly saw a reversal ofthe strong monsoon 
‘conditions - shaped bythe static medieval ENSO- that had underveritten the region 
macieval efflorescence. As the monsoons weakened after 1250-and completely 
failed in the "Khmer drought” ofthe 1350s and 1360s—the long-established South 
{Indian Hindu kingdoms, thePagan kingdom in Burma, Angkor Wat in Cambodia, and 
‘he Dai Viet polity al el to rising challenges during the thirteenth and fourteenth 
‘centuries, in India manifested in Mongol raiders and inthe Islamic Delhi Sultanate, 
‘founded in 1206“ And in the Bladiteranean and Europe the shift of the North 


‘The iti Ice Age would be part of the wider complex that brought the Middle 
‘Ages to an end in Europe, a proces that stands as one ofthe great questionsin 
historical writing Here there is along standing debate about the nature ofthe 
‘medieval economy, ts ability to support the growing European population, the 
nature ofthe crisis ofthe fourteenth century, and its ole inthe longer transition 
tomodernity** European populations more than doubled inthe Middle Ages, 
from about 30 million in 1000 toa peak of 70 milion in 1300. Were these peoples 
petting ahead or simply barely running in place? Starting with the erly work of 
French historian Henrt Penne the commercalization” argument sees a European 
‘economy developing long-distance trade and regional specialization as entered 
the High Middle Ages, supporting its growing population. Here as wit the Song - 
the theoretical framework might be minimally “Boverupian, anpuing that relative 
peace and mild climate allowed the growth of population, while development inthe 
‘economy simply offset this growth. Orit might be "Smithian,"in which the dynamic 
of economle growth began to surpass population growth Anather corollary tothe 
‘commercialization thesis would be that European population growth was reasonably 
sustainable ofa last would correct itself with enough time: thus the adberents of 
‘commeriallzation would ae the crisis ofthe fourteenth century a fundamentally 
‘aued by exogenous forces beyond the ken and control of medieval peoples. Two 
‘other contending anguments see the criss as fundamentally endogenous. One, the 
Brenner thesis, fundamentally focused on the longer-range transition toward 
‘capitalist las relations beginning inthe fourteenth and continuing into the 
seventeenth century.** The Malthusian position argues that Europe's population 
‘by theeatly fourteenth century, almost double the Roman peak at AD 200, was 
fundamentally unsustainable, and thatthe Black Death wa simply the agent of 
“inevitable” crisis of human numbers, 


Letus focus on the spectrum from happy growth totter misery that runs 
‘between the commercializing and Malthusan postions. These have tumbled in 
clase historlographical brawl for almost a century. The earliest orthodoxy lay with 
the commercalization model, consolidated by Henti Penne’ thesis published in 
1925 -that the rise of Europe began withthe revival of trae inthe eleventh century, 
and the extablshment of medieval towne and cites anda merchant class operating 
‘rom within their walle Pirenne was followed in 1931 by Mare Bloch grest workon 
theexpansion of medieval European agriculture: here he described the movement 
fom the dry uplands into the rich wet river valley sil impenetrabletothelight 
scratch plow but which could be turned with the heany wheeled mold-board plow, 
drawn by teams of oun and then horses" Therise of towns and cities involved in 


{ong distance trade then provided markets fr agricultural production, which spread 
Into new lands and gradually improved through time. Inthe erly 1960, aset of 
short, powerful essys by Lynn White provided the technological underpinnings 
‘tw the commercial thesis Whiteemphasized the roleofiron and thehorseinthe 
‘medieval economies, both in arming and mounting hosts of warrar knights but 
also in constructing and drawing the new heavy plow. He argued in particular that a 
‘yoke harness frst developed in China, allowed horses much greater efficiency over 
‘the ancient and Roman breastband hares, which choked the horse as it eaned 
Ino the oad Most important, however, he arpued fora revolution in water powered 
‘machinery, clalming that medieval technology made significant energy advances 
‘over what hetook tobe backward Fomans.*° 

‘The commercialization thesis was advanced inthe work of economists Graeme 
‘Snooks, Eric ones, Douglass North and Robert Paul Thomas, who se the origins 
ofthe rise ofthe Westin the economic and ecological advantages launched inthe 
High Middle Ages Snooks has attempted to quantify curves of long-range English, 
‘economic growth starting in the eleventh century Jones stresesthe ecological 
‘vantages of temperate climate with young, glcially turned sols, well watered 
bby multiple rivers and ample yeasonal rainfall arguing that these ecological benefity 
began tommake a diference as European societies north of the Alps emerged from the 
postimperial run, North and Thomas stress the institutional and legal structures 
that organized capital and protected individual property ownership nd exchange 
with the development of European production, markets and trade? 

Acountervailing Malthusian thesis developed between the Ite 1940s and 1950s, 
‘shaped in some measureby a growing realization of the massively expanding global 
populations inthe postwar era Most powerfully articulated by Michael M.Postan, 
the Malthustan position has bee tha the economic expansion celebrated by the 
commerce thesis was simply driven bythe growth of population, which in 300 
_yars across Europe grew from 30 million to 70-80 milion and in England alone 
tripled from about 2 milion to almost 6 milion. tn this interpretation, whatever 
technological and agricultural improvements occurred were tery swamped by 
‘population growth, and Europe as of 1300 stood on the adgecf an endogenously 
driven Malthusian crisis, where population numbers far exceeded the capacity ofan 
‘organic economy to sustain them. A growing population forced the commitment 
‘ofan increasing acreage to growing cereal crops, wich deplete the ai rather than 
‘animal grazing, the manure from wich improves the soil The Malthusian position is 
‘buttressed by new examinations of medieval technology, which have debunked Lynn 
‘White Their most fundamental critiqueis supported by the historians studying 
the ancient worlds, arguing that Lynn Whitehad simply been in error in stating 
‘hat milling technology first developed in Europe inthe Middle Ages: medieval 
people did nt invent new technologies bt simply continued systems developed 
fn antiquity A central pllarofthe Malthusian srpument a advanced by Posten 
rests on an argument fo economic snd nutritional stress from theclose of the 


‘hirtenth century, stress that tumed into population decine after 1300, Thus,in 
‘the Malthusian argument, the weakened and impoverished medieval poor stood on 
‘he edge of inevitable disaster, coming frst in aGreat Famine in northern Europe 
between 1315 and 1322 that perhaps killed 10 percent of the population. These early 
fourteenth-century famines wer followed by the Back Death, which killed roughly 
half ofthe remaining population ** 

“Economists working on long-term demographic and economic change eect 

‘he commercalizaton thesis, subscribing implicitly or explicitly toPostan 
Malthuslanism, To them the record seems plain: whatever economic expansion that 
‘occured during the High Middle Ages was swamped by population growth, and then 
undermined with the great slaughter ofthe Black Death. David Findley and Mats 
[Lundhal argue thats Malthasian crisis of major proportions was clearly looming" 
John Komlos and Sergey Nefedon are particularly explicit: they se the causes of 
the Black Death mortality as fundamentally “endogenous” not the product of 
‘exogenous natural forces. “The crisis canbe conceptualized as being an inherent 
part ofthe European demographic system” they argue, “the European population 
had reached a Malthusian ceiling by 1300 sothat «prolonged downturn would have 
occurred in any event. Tobe sure, the Black Death exacerbated the process and wat 
ven is proximate cause but not, t seems tous, ts fundamental determinant"? 


‘where the most enthuslastic of the commercializtion scholars zee Europeans 
sting ahead in the High Mile Ages, the Mathusans see ther as falling behind. 
‘m bot wen les the modern consensus, which can be called either aBorerupian 
‘running in place” ora Matthusian trap, Here the economists seem out of step with 
‘the dominant consensus among medieval economic historians, whichis that the 
outer (perhaps Malthusian) limits of an advanced organi economy might have been 
reached, but acess on the sale of what occurred in the fourteenth century wat 
bbynomeans inevitable. Populations grew frst in reponse ta the spread of market 
‘opportunities ina newly stable High Middle Apes, but then production increased 
“withthe growth of population: the classic Boreruptan intensification model”! By 
allrecent accounts, medieval agricultural systems were cing a reasonably good job 
of feeding the growing numbers of Europeans, given a predictable environment. But 
the Medieval Optimum-and then the respite from serious epidemics ~cametoan 
‘end between the 1270s and 1350. The ensuing rss, the modern consensus hols, 
was indeed fundamentally shaped by exogenous climatic and biological forces. In 
‘their absence, European population would have stabilize through the operation of 
_Malthusian preventive checks, and the continuing slow accumalation of Bogeruplan 
Innovations. Their understanding is best summarized by gest medievalst David 
Hert: 


European populations had grown to extracndinary levels during the 
‘central Middle Ages, but the result was nt a Malthusian reckoning or crisis 
‘buta deadlock. In spit of frequent famine and widespread hunger, the 


‘community inca, 1300 was successfully holding ts numbers Itiskaly 
‘that this equilibrium could have heen maintained forthe indefinite future, 
‘That did not happen; an exogenous factor, the Black Death, broke the 
[Matthusian deadlock. And in doing soit gave to Europeans thechanceto 

‘ebuild their society along much different tines = 


‘Thecritique of Postan’sMalthasianism began in the mid-1960s. The argument for an 
agrarian crisis was based on early and selective work inthe particularly good English 
archives, but new and ongoing research has demonstrated that no such crisis was 
‘brewing, Regions where peasants had particularly smallland tenures did not show 
sign of economic stress, because they were generally places with alotof accessible 
wildland -*waste* There sno evidence for sll exhaustion in crop yields and no 
wave of desertion of theland. Along the south coast of England, advanced farming 
techniques were allowing continuous cropping: elsewhere if yields werelow they 
were not decining, Throughout this new literature is strong evidence for improving 
‘agricultural methods offsetting the impact of ising population. A sequence of 
recent workhas demonstrated quantitatively that agricultural productivity was 
‘extremely high inthe century before the Black Death, but then fells population felt 
and there were fewer mouths to feed. Bruce Campbell and Mark Overton suramarize 
the findings oftheir monumental analysis of sx centuries of farming inthe county of 
‘Norfoly in eastern England, as follows: 


Until the early eighteenth century the trends suggest a Boserupian rather 
than a Malthustan response othe stimulus of population increase, insofar 
1s population growth, accompanied by falling real wages and rising grain 
prices, was assocated with rising not falling yields. Conversely, yields fll, 
when after 1350, and again after 1650, population growth eased, wage 
rates rose and grain prices fell 


series of parallel studies similarly found that European agriculture was producing 
at levels significantly below its technological limit, and that productivity often rose 
inva gradual proces of intensifying innovation ™* 

‘Gregory lark concurs on medieval productivity, arguing that ‘the growth of 
‘population inthe thirteenth century may in part bearesultof gains in the efficiency 
‘of agriculture Clase finds a high but stable productivity in English agriculture, 
driven by population and demand, shaping a Maihusian relationship between land 
and population. Bu is interpretation i one of stasis rather than criss, a rather mild 
Malthusianlm: “The Malthustan word was not necessarily one where people were 
‘pressed tothe limits of physical subsistence”™* Another recent study argues that not 
‘only was land productivity high but also labor productivity itself was high. Medieval 
sgriculture was mesting the demande of an ever larger market. The ising numberof, 
horses employed in agriculture apparently didnot contribute directly to productivity 


Inthe el, but the relative speed ofthe horsecart over the slow-moving oxcart 
helped intagrate the peasant farmer into the market Rather than resignation inthe 
face of Malthasian decline these historians and others see rational management and 
Intensive efforts to maintain sol fertility to support these result, A similar rational 
response was manifested inthe grinding of grain: when water mils reached the 
limite of acl capacity, major inyestments ware made in windmills and idem. If 
there were inventions ofthe ancient world, they were aggressively deployed to meet 
theneeds of growing medieval populations © 

‘The corollary to this picture ofBoserupian efforts to confront Malthusian mits in 
‘economy might have been a similar effort in demographic IfEurope was not facing 
‘an “inevitable crisis” then itcertainly was approaching overpopulation, and Malthus 
proposed the preventive check of marital restraint to forestall the positive check of 
‘crisis mortality. John Hatcher and Mark Baley suggest that prudential" marriage 
patterns limiting fertility might well have come into playin England the plague 
ha not arrived. Oe careful study shows that the people of Linslnshire, at leas, 
practiced a quit restrained marriage pattern before the Buick Death, with women 
‘marrying at twenty-four and men a almost thirty-two? 


‘Whether or not the high productivity of medieval agicuitre translate into 
higher nutrition for ordinary people svery much an apen question. Diets in the 
‘century before the Black Death among the laboring poor were heavily weighted 
toward the consumption of grains, suggesting avery limited protein intake 
Christopher Dyers work on this question focuses on the impact of clas stratification 
‘on medieval peasant impoverishment. Despite his critique ofthe Postan thesis it 
analyse suggests that conditions ware indeed extremely dificult forthe peasantry" 
But justas the economic historians are finding a surprisingly strong agrarian 
economy before 1350, so too the physical anthropologists have been finding 
surprisingly larg people inthe Middle Ages. The best study avalabe to date, by 
Koepke and Baten is very suggestive, though certainly not the last word. Their 
segregate numbers foc the eleventh and twelfth centuries suggest dramatic news for 
‘the advocates of economic growths it uggests that Europeans grew by 2cm during 
atime when population numbers grew by a third, from 36 milionto $8 milion 
(ee FiguretIL7). But their data for this period is mostly from thinly populated 
astern Europe and Scandinavia with the Mediterranean, France, Germany, and 
Britain barely represented at all Other studies smiley find medieval adult malesin 
‘Scandinavia and firitan achieving a height of 171-172 cmon average, significantly 
taller than thei counterparts fn the Roman empire" Here the evidence from 
cemeteries in Landon may indicate thatthe most vulnerable population, the poor 
Inthe medieval cities, did suffer from the impact of the hard times ofthe early 
‘fourteenth century. The East Smithfield Plague cemetery, containing almost 100 
‘measurable adult skeletons of individuals dying between 1348 and 1350, provides 
tightly dated sample of such a population, and canbe compared with cemeteries 


‘ating from 1200-1320 and from 1350-1540. The plague victimsin the mass burials 
in East Smithfield, adult men and women, were generally two centimeters or more 
shorter than the sult in the eater and ater cemeteries > Further work, with 
similarly closely dated samples, wil be require to seeif there was indeed a general 
‘downwatd trend in stature in the decades before 1350, bothin England and on the 
‘continent. Wiliam Jordan, the expert on the famines of 1315-22, while skeptical 
‘ofthe Malthusian Postan thesis and seeing the restoration of good iets after 1322, 
argues that the famines potentially weakened a generation of Europeans coming of 
gen the decades prior tothe onslaught of the Black Death 

‘But such a nutritional deficit I angue -was the result ofthe onset of weather 
unseen for 400 years, not necessarily overpopulation and soil exhaustion. And so 
too, the Black Death was an assault from the natural world. The scholars who have 
settled on a moderate Malthusian-Boserupian “running in-place” understanding 
‘ofthe High Middle Ages are unanimous that the fundamental forces at workin the 
fourteenth century crisis were exogenous tothe socioeconomic system, Postan and 
‘modern economists notwithstanding There was nothing necessarily inevitable 
bout the scale ofthe mortality thatthe Black Death unleashed, As had happened, 
befor to relatively stable organic economies occupying reasonably good regional 
cologie, the crisis was the result of severe natural disasters, not the inner dynamics 
of demographic and economic systems.* This snot to say however, thatthe 
continuing shocks to these systems didnot have long-term consequence; these wil 
be the subject ofthe next chapter. 


‘The Little Ice Age and the Black Death 


Both the wave of epidemics commencing withthe Black Death and theciimatic 
lmpact ofthe Lite ice Age were exogenous assaults by nature upon medieval 
socleties Each would have dramatic early manifestations inthe fourtenth century 
what Bruce Campbell has called“an act of Schummptrian creative destction”~ 
and then settle into an enduring pattern that would not break until the beginning 
ofthe eighteenth century. Together, epidemics and abrupt climate change set of 
«dynamic of exogenous shocks that must be seen as foundational to the emergence 
ofthe modern worl, usta the climate shocks of 4000-3000 BC and 1200-600 BC 
contribute fist tothe ris of the earliest states, nd then launched the Bronze Age 
‘ris and transition tothe ron Age and classical antiquity 


‘Thus the Littl ce Age can be st in the perhaps cyclical series of four “millennial 
‘Siberian High Epoche” that have marked the Holocene roughly every 2,500 years, But 
the opening moves of the Lite lee Age were quite protracted, running from the close 
ofthe Medieval Warm Period -or Climate Anomaly in the thirteenth century tothe 
ssteenth century, when the itl ce Age proper began around 1560 (se Figures 
TULSs, 1.2). Because its earliest beginnings were sleady being elt when the Black 


Death arrived in the Mediterranean in 1347, we need to attend tothe beginnings of 
‘this sequence here, and return tot in more detain the following chapter. 


‘The ite Ie Age had its origins inthe interaction of solar variability, veleanle 
‘eruptions, and oceanic and atmospheric circulation forcings and interactions 
shout which climate scientists are in hot debate A cluster of solar minima unseen 
for thousands of years certainly must have played a central role. There had been a 
‘moderate slar minimum inthe late seventh century (the Vandal minimum) and 
‘gain in the middle ofthe eleventh century (the Ort minimum), but from roughly 
1075 to 1275 there were two uninterrupted warm centuries ofa slar“grand 
‘maximum Temperature estimates forthe northern hemisphere indicate thatthe 
eleventh century was the warmest unt the onset of modern industrial warming 
less than a century age, so the Oort minimum does not appear to have cooled the 
_loba system immediately. Volcanic eruptions played a considerable rolein shaping 
‘medieval weatherthe warm eleventh century coincided with acentury and ahalf 
when there was a minimum of volcanic activity, bracketed by periods between, 
roughly 650-950 and 1150-1350 when significant volcanic eruptions paralleled 
Jag cooler spells across the northern herisphere.*In general there wasa clear 
kage between brief global colings set off by serious volan{c eruptions ~in which 
vells of sulphur obscured the sun for several years ina row ~and harvest eruptions 
‘hat brought dearth and famine se Figure It 5a). Such would have been an 
enduring patter since the rise of agriculture, but ican only be measured somewhat 
ln the relatively recent past ° Voleani eruptions increased from roughly AD 1100, 
and they overlapped withthe next solar minimum ~the Wolf minimum which ran 
from about 1270 to 1370, and then was fellowed by two more even stronger minima 
~the Spérer and the Maunder- which ran from 1400 to 1880and 1640t0 1725, 
respectively. Together the Wolf, Spice, and Maunder minima constituted a Hallstatt 
Grand Minimum, on the 2,300-yearcyce driving the Siberian Millennial High that 
raached back tothe Bronze Age Crisis of 1200-700 BC and the Mid-Holocene Crisis of 
44000-3000 BC. At the same time, the volcanic eruptions were of equal significance: 
‘the 1258 eruption possibly E1Chichon in Mexico left the largest sulphur signature 
of any eruptionin the Holocene, exactly coinciding with sudden southward spike 
{nthe ITCZ, ae measured at both Cartaco and southern China (Dengge Cave) nd 
probably a massive E Nii (se Figure IS). 

Exactly how these solar and volcanic forcings combined with oceanic and 
stmospheric circulation to launch the Lite lce Age is matter of considerable 
debate but itis safe to suggest thatthe solar forces were fundamental and the 
‘mega-eruption a possible trigger °* What is clearisthat a series of stages led up 
‘tw theextreme Lite Ie Age conditions ofthe seventeenth century. necenter of 
‘the debate over Litt ce Age origins invave the North Atlantic thermohaline 
‘pump, in which the sinking of saline dense waters off the cous of Greenland 
Arives the ciculation of warm tropical waters north fom the Caribbean as well 
as driving the entire oceanic circulation system.®” There is growing evidence that 


‘the thermohaline circulation (THO) pump di slow during the Little lee Age, a5 
measured by various measures of salinity, st size, and water transportation Several 
‘ofthese records suggest thatthe THC slowed, recovered, and slowed again thetwo 
slowdowns coming around 1400 and after 1600, perhaps carespondingtothe 
Spiver and Maunder minima ** If warm summers in the far north are any indication 
‘fa vigorous and warm Gulf Stream, however, the persistence of reasonably warm 
summer temperatures in northern Sweden - and in aggregate throughout the 
northern hemisphere-may suggest thatthe THC pump didnot definitively weaken 
‘until after 1550, But between 1550 and 1725 the cecore records and tree ring 
‘estimates all suggest that both winters and summers were extremely cold. These 
records suggest thatthe period from the close of the Medieval Climatic Anomaly 
(MCA) and the worst ofthe Little ee Age (LIA) canbe divided into atleast three 
‘discrete periods a MCA-LIA transition between 1150 nd 1400,an IA lof cold 
winters from 1400 to 1550, and an LIA of cold summers and winters from 15500 
17259? Let us look the beginning of this epic cold period in some deta 

‘The erst formal phase of the Little le Age, 1400-1550, was characterized by cold, 
‘Mormy wintersand warm summers; LIA, from 1$50-1700/25, by cold winters and 
summers What ofthe MCA/LIA transition from 1150 to 1400? This period needs 
tobe divided at roughly 1275, approximately the beginning of the Wolf minimum, 
‘The vlcanically active period of 1150-1275 sw slightly cooler northern summer, 
but at roughly 1275 a patern of warm but extremely eraic and stormy surnmer 
weather settled into the North Atlantic until 1400, One recent analysts suggests that 
thistormy summer pattern was shaped by a combination oflow winter stormine 
weakened onshore summer winds and thus cold incursions coming off Greenland 
to hit warm Gulf Stream waters. This period till had moderate winters and warm 
summers, but the new pattern of summer storms brought driving rains to northern 
Europe"? One has to wonder whether this pattern was shaped in some way by 
the massive volcanic eruption of 1258 and the simultaneous explosion of £1 Nioe 
‘measured off the coast of Peru and inthe Quelcaya ce Cap. Following the Wolfand 
cwinclding with the Sprer minimum and the beginning of thelast major advance of 
tceraftingin the North Atlantic the beginning of Lite Ice Age in 1400 must have 
been shaped by the decine of solar warms inthe northern hemlepbere, combined in 
some way withthe 1258 eruption andthe massive expansion of Nice that lated 
\elinto the fifteenth century”! 


‘The stormy summers of the eatly transition into the Little Ie Age had significant 
|mpacts across the European domain. Viking Norse marauding long Europesn 
‘coast and rivers since the eight century -had settle Iceland and then Greenland 
‘between AD B60 and AD 1000. The erzati timate ofthe ater thirteenth century 
‘began to undermine the Greenland settlements: the western Norse settlement 
collapesd by 1340, and soon thereafter contacts with Europe became extremely 
‘etatic. The exstem Norse settlement hung on until almost 1500, when Europeans 
abandoned Greenland tothe Arctic ancestors ofthe init, the expanding peoples 


‘of the Thule culture ”= Along the coast of England and northern Europe, increased 
storminess brought flooding, inundating towns and consuming farmland. Then, 
as Bruce Campbell has powerfully explained, between 1315 and 1322, seasons of 
‘continuous rainfall destroyed the crops in the ground for several years running, 
‘bringing the Great Famine that may have kiled a tenth ofthe total population of 
‘northern Europe. Misery affected both beast and man: during thecal wet summer 
‘0f1316, when cre fled throughout northern Europe, arinderpest ike disease 
began to spread from central Europe, reaching Ireland in 1321, probably killing half 
‘of Europe's cathe”? 

‘By thetime the Little ce Age” began in 1400, the Back Death had already struck, 
sweeping through western Asa, the Mediterranean up ito northern Europe and 
‘even south across the desert trade routes into West Africa ling as much as half 
the populations in ts path between 1346 and 1353. Since the tur of the twentieth 
‘century it hasbeen generally agreed thatthe Black Death was the bubonic plague, 
‘The plague bacilus, Yersinia pets, diverged fom the es virulent soll-dwelling 
bacillus Yersinia peudotuberculsis sometime within the past 20,000 year. It is 
harbored in fleas that infesta variety of burrowing rodents, and from these reservoirs 
lt can erupt into human populations in ts bubonic, peumonlc or septsemic forms 
“The bubonic plagues spread by la bites (and perhaps body lice), peumonic from 
the coughing of infected persons and septisemc from infected blood There has 
boen -t should be sida dissenting body of opinion that the Black Death was 
empl not the plague a al Ths account hasbeen the subject of raging eis in 
the pasttwenty years A number of scholar dispute the diagnoris of the plague; one 
camp argues that twas an Ebols-he virus calle hemorthage fever,” and another 
camp that t was an as yet unknown disease 7° may yet emerge that plague was 8 
‘major element of complex of diseases that assaulted the Old World inthe middle 
‘ofthe fourteenth century” In some measure it doesnot realy matter what the 
actual disease was, only that enormous numbers ied from very rapidly dispersing 
Infection 


"Nonetheless, recent advances in genetic testing have found undisputed genetic 
‘markers of Yersinia pestis (YP) inthe teeth of fourteenth-century plague victims, 
in France, Germany, the Netherlands, and Britain. Most diagnostically, YPDNA has 
‘been isolated inteth and bones from the Eat Smithfield plague pit in London, du 
specifically forthe victim of thefist assault ofthe Black Death in 1348-50, but not 
{na control sample from another London cemetery coved before 1348." Clearly 
‘hebubonic plague in ts roughly modern genetic form was at work during the 
Black Death. But many questions remain. Was working synergistically with otber 
Aisenes? Typhus and paeumonia come tomind And what wasits history andthe 
trajectory ofits geographic spread? 

‘Thehistory ofthe plague bails isa matter of grest debate. Until very recent it 
hasbeen assumed that thre different modern varieties ofthe plague-y pantique, 


‘medievalis, and orientalis~ define by their capacities to ferment various sugars, 
‘caused the Justinian Plagues, the Black Death and the wave of plague that spread 
fom China to the western Unite States and elsewhere at theturn ofthetwenticth 
‘century, DNA tests reported in 2004 and 2007 might hae collapsed this distinction, 
arguing thatthe Justinian Plague and possibly also the Black Death, were ofthe yp. 
orientalis strain.”* On the other hand phylogenetic analysis of modern-occurring 
‘YP published in 2010 argued thatthe plague is structured by the tr-part model, 
‘with three branches running backtoa common ergin at eat 2,600 years ago in 
‘China verging about 700 years ago.A part of one branch, surviving in China and 
‘Kurdistan is seer asthe bacillus involved in the Justinian Pague andthe Black 
Death; another with a more global distribution s seen ax variously potentially sprexa 
‘by Admiral Zheng He's let to East Aftica, and asthe source of the eatly twentieth 
‘century spread? But in 2011, ina detalled genomic reconstruction of YPDNA from, 
East Smithfield, another tam of researchers working with new generation DNA 
sequencers sharply contradicted this model This study finds a common ancestor of, 
all moder plague in the Black Death period (AD 1282-1343, 95 percent probability). 
‘Thus there maybe no ancient root ofthe modern bubonic plague directly connected 
‘backto the era af the Justinian and other ancient plagues. Rather, all ofthe modern 
plague varieties emerged suddenly from a common root sometime at the turn of the 
fourteenth century and they all havea very cle relationship tothe plague balls 
DNA found ina modern Chinese marmot population *! 

‘This battieamong the geneticist isnot over, because the most recent study it 
boing bitterly conterted.** Buta few pousble scenarios of “fina” model might 
be uggested. Firat, the standard “xngle disease” model might be upheld with 
further work, especlally when DNA studies can be conducted on victims of ancient 
epidemics. Alternatively, the new model ofa sudden medieval eruption might 
‘prevail. Exactly what this model means fora disease history teil up for grabs 
itsimply establishes thatthe YP DNA from East Smithfield, Chinese marmot, 
and the modern plague bacitus are very closely related. It doesnot exchude the 
possibility thatthe plagues ofthe ancient world were extinct versions of something 
‘quite similar, and it does not necessarily require that that the plague erupted frst 
in East Asia. This and other studies are suggesting very importantly thatthe 
‘plague had acompley contorted history, with many diferent eruptions die-backs, 
and extinctions. Itmay well turn ou thatthe plague~ cr something like thas 
emerged from the natura background of sil bacteria several times in global history, 
‘butthisis simply speculation. 

‘This struggle over plague genetics wildly complicates along standing debate 
about the geographic history ofthe plague. The long-established story has the 
Black Death emerging as bubonic plague somewhere in East Asia, and traveling 
‘ast with the Sk Route caravans to the Black Sea, from where atthe siegecf'the 
‘Genoese trading port of Kafta by the Mangal Golien Hardeit wasinjected into the 
European system in 1347.4 The most recent survey ofthe spread and impact ofthe 


Black Death, by Ole Benedictow, challenges this traditional account of origins and 
‘fusion. Advancing one side ofa debate that runs backto the 1970s, he disputes 
the mode! of a sudden transfer ofthe plagueallthe way across Asia. He argues 
‘from newly considered Russian sources that contrary tothe traditional account — 
‘the plague had its origins in rodent colonies in the region somewhere between the 
Caspian Se andthe Crimea and infested the 1346 Mongol slege lines, fist infecting 
thebesiegers and then the besieged, whose fight across the Black Sa carried the 
‘plague into Europe. Critics ofthe clastic Sik Route model of diffusion argue that 
its origins lien unexamined prejudices about “lthy Eas" and seen cbvious 
human mechanism that would allow the plague to move quick between the 
Widely separated trading cities in Central Asi" Combined with the recent genetic 
arguments fora sudden medieval eruption, his arguments have some intresting 
lmplications. The Chinese marmat snot definitive proof for an East Asian crigin, 
anda rong case has been made forthe origin of the medieval plague from natural 
sources in the region running from Kurdistan and Azerbaijan north toward the 
southern Russian steppe and the Crimea, where the frst outbreak occurs Its not 
lmpossible that the medieval plague erupted out ofa natural hort as the troops of 
the Golden Horde were excavating their seg lines around Kaffa. Ifthe plague had is 
origins in western Asa it was not - Benedictow argues the source ofthe epidemict 
that hit China n 1331. And, the plague spread from the Caspan-Crimean region 
‘uring a Mongol siege -rather than traversing the Sk Road it was the result of 
contingent combination of accidents, and nota grat confluence of diveases acrost 
thelength of Eurasia, as William McNeil classically argued *° 

‘The imate context ofthe Black Death may add another element of contingency, 
| point stressed in the recent pnomic reconstruction of medieval YP!” Bruce 
Campbell ees this climate disease connection beginning with wet and miserable 
European cattle during the cold wet summer of 1316, when crops failed throughout 
northern Europe, arinderpest-lke disease boganto spread from central Europe, 
‘reaching Ireland in 1321, probably Killing half of Europe's cattle, He futher arguet 
thata series of harsh years between 1348 and 1353 set the stage forthe advance of 
the plaguein western Eurasia Thi cold snap appears slightly eater inthe tee ring 
recon, between 1343 and 1349." But thi mid-century cooting certainly eet the 
sage forthe reception ofthe plague across Europe, disrupting harvests and food. 
supplies and thus further compromising the nutritional status ofthe European poor, 

‘If Campbelts argument suggests a climatic context forthe arrivalof the Black 
Death, Central Asan climatic patterns nigeest that something similar might explain 
‘tecriging i we assume that it came out of the west Asian steppe and not China 
(Gee Figum I 10)-The same southward shift in the Atlantic westerlies that brought 
{famine and rinderpest to Europe during the 1320s hit ari Central Asia during the 
13305 and 1340s, and may have altered thelocal eclogis supporting marmots, 
‘which actaskey wil boststo the plague A log established view isthat the frst 
‘manifestation of the Black Death was in pestilence that hit the town of lsyk ulin 


Syrgyzstan in 1338-9 5 Though low-resolution data from Isyc- Kul doesnot show 
high humidity until the seventeenth century it Hes in the path ofthe westerlis, 
sand high-resolution sitesto the east and west show strong indications of wet 
‘conditions starting in the 1330-40 Thus it is porsibie thatthe sudden onset of 
et conditions drove spike in native YP-bearing rodents, launching the Back Death. 
{Inany event, vitualy ny combination of explanations ~ plague or non-plague, 
trans-Asiatic or Caspian, climate driven or not-the Black Death seems to have been 
| fundamentally exogenous event It came fom outside the routine structures and 
trajectories of the sociodemographic-economic systems to devastate the peoples 
‘of greater Eurasia. Density of population may not havebeen a factor ether, if 
Benedictow sight andthe plague was more devastating in the countryside, orif he 
was wrong and it spread along the oases ofthe Silk Route. Perhaps the nutritional 
status ofits victims was significant, but perhaps not. 


ere Benedictow/s massive analysis of Black Death mortality has something 
suggestive to say, and it supported by detailed analysis ofthe plague burials in 
London and Denmark. Throughout his analyas,Benedictow has attempted to 
calculate the lative mortality rate of the propertied and unpropertiedacronthe 
‘medieval Mediterranean and northern Europe Overall na series of comparable 
records, he finds tha the poor muffered a supermortalty of roughly 5-10 percent over 
‘thelr propertied and even elite neighbors, neighbors who lived in well-built stone 
structures, wore beter fed and clothed, and had larger households that increased 
the odds of adult survival, shaping the fat of small children, who ded of starvation 
fet alone.” Given thatthe wealth ferential was far greater than $-10 percent, 
{tacoma clear thatthe poor di not sufer proportionate to thelr poverty -and that 
‘wealth did not protect dlsproporticnately the more ruffcient. Similarly, an analysis 
ofa sample of London plague victims compared with slightly earlier sample of, 
routine attitional mortality from urban Denmark suggeststhat the plague did 
not simply strike down the weak and disabled. Looking 3 the presence of various 
bone lesions that indicate frailty from ong term ll heath or bouts of malnutrition, 
Sharon DeWitteand James Woods find that while the plague victims were 
somewhat selective fr indications of frailty -they were significantly les othan 
thle Danish counterparts dying in routine, nonepidemic circumstances. Thi is very, 
‘lose to asmoking gun demonstrating thatthe Black Death was an exogenous event, 
‘ot primaly shaped by Malthusian force = 

‘Thus these very different approaches and evidence suggest thatthe Black Death 
sliced through populations virtually indiscriminately, with no overwhelming 
bias toward the poor and malnourished Yet another telling sign ofthe survival of 
‘the poor isthe rapid filling ofthe emptied farm tenancies by lucky survivors: the 
‘atastrophe of the epidemics was followed by a rapid reshufing in which people of 
Lisle property took up inheritances from their anlucky but propertied relations, oF 


‘moved some considerable distances to find favorable lands torent. The BlackDesth 
‘opened the way forthe poor tose, much tothe detriment ofthe old order ?™ 


‘Their fortunes, and those of ll ofthe survivors of the wider global crises that 
‘racked the epoch ofthe Middle Ages, isthe opening problem for the next chapter, 
as peoples around the world adjusted to centuries ofthe worst climatic conditions 
since the Younger Dryas. At this pint we should briety review what we havelearned 
shout the human condition over the forty-four centuries between the fist emergence 
‘ofthe state and the Back Death. 


‘What of Thomas Malthus’ understandings, which would appeartohave taken 
‘quite beating in these pages? would suggest that Malthus was indeed right but in 


‘operated far beyond the range that he and most subsequent investigators have 
Lmagined or proposed. Rather than the hai-trigge balance between population 
|rowth and imminent misery thats so central to contemporary Malthuslan 
analyses, the evidence that have explored here suggests a more punctuated" model 
ln exactly the vense established forthe paleo-world by Niles Eldridge and Stephen, 
Gould, Outside of small societies in marginally ecological cicumatances, the great 
preponderance of the human condition since 3000 BC has been an experience of 
relative continuities interrupted by overwhelming impacts erupting from natural 
sources Rather than endopenous pressures, exogenous forces time and again explain 
the grat “collapses” ofthe ancient and medieval worlds 

Here should be as clear as possible tam not claiming that ancient and medieval 
‘peoples achieved dramatic technological breakthroughs that radically altered their 
relationship withthe natural worlds. There certainly were fundamental if gradual 
breakthroughs, most important the emergence and spread of iron metallurgy and 
rotary power, which alowed societies to grow to unprecedented sizes, when natural 
<onditions permitted A gradual maturing of agrarian systems, shaped by constant, 
slow Soserupian innavation driven by and driving population growth, occasionally 
‘brought conditions of actual economic growth to discrete populations who 
‘mobilized and benefited from state power. Their ives were relatively uncomfortable 
‘and perhaps unpleasant; their societies and economies were relatively sustainable 
and resent. But-asin the paleo-world— these conditions of demographic and 
occasional economic growth fundamentally required favorable natural conditions 
‘While anew histrical ecology is suggesting that ancient and medieval peoples did 
not degrade their environments quite 2s much we have thought, the new climate 
scence has allowed uso precisely mearure the impact of the abrupt climate 


‘epidemic disease, and war have long been an unholy trinity climate reversal brought 
lent struggles over resources, andthe marc of armies moved and transmuted 
‘otic biota into epidemic disaster. But the operation ofthese apocalyptic horsemen 
cross thee millennia was not random but patterned and patterned fundamentally 
by the pulse of the natural world ** 


‘Within a century of the frst hint ofthe Little Ie Age~ bringing Aslan drought 
sand American EINi#o and the onslaught of the Black Death, the first elements 
‘ofa very new departure were taking shape. The beginnings of the transition to 
‘modernity - with its global integration and revolutionary transformations of 
technology and energy ~are the subject ofthe next chapter 
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igure v1. The Little ce Ap, disease, and New World depopulation, 900-1900. 
Againat the backdrop ofthe solar forcings and temperature readings ofthe Little 
Jee Age, the drop tn atmospheric CO; from ~280 ppto~275 ppm might wellbe 
tributable to ocean feedbacks driven by climate change But the collape of native 
‘population in the Americas after 1500, Wiliam Ruddiman suggests might have 
Iteetf caused this CO, dectine given the regrowth of forests, expecially in tropical 
regions. Tis rales the question of whether population collapse, forest regrowth, 
sand CO, drawdown might have intensified the ite lc Age around 1560. Note the 
relatively minor drop in CO, after the Black Death. 


‘Figure1v.s. Economy, urbanization, energy, and adult stature in industralxing 
England, 1750-1925. 

‘While English ities grew dramatically from 1800 tothe 1850s, the industrial 
‘economy began to grow significantly only after 1825, and wages lagged and living 
‘conditions worsened. The heights of men at age eighteen fel though the rst half 
ofthe nineteenth century, and urban life expectancy dropped dramatically from 
the 1820sto the 1840s Strikingly during these decades national coal consumption 
‘elative per urban population dropped by a third. 
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Pigure1vs. Urbanization, energy, and adult stature in the Unite States, 1800-2000, 
Not unl in Britain, adult maleheight inthe United Stats dropped dramatically 
through the nineteenth century with urbanization Strikingly its recovery after the 
1880 tracked the rising national consumption of fossil energy. 
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‘Figure v.a Total industrial carbon emissions per GDP by selected economies, 1800- 
2000, 

“The emission of CO, from fossil fuels per GDP reached different peaks in the 
economic history of different global regions: around the 1880s in the United 
ingtom, 1920in the United States France, Germany, and Japan, and double peak in 
thelate 1950 and the ate 19708 in China. 
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igure 1s. Estimated eects of twentieth century anthropogenic forcings 
‘The best estimate of anthropogenic warming by Simon Tet and hi team suggeste 
that by 1900 the equatorial regions had begun to warm (lighter shades), but 

the Arctic and the industrial north mid latitudes were somewhat coler (darker 
shades) than they had been in 1800. By 2000 the entire earth was showing signed 
of warming except the industrial belt running from North Ameria to China, 
apparently protected by alocal han of sulfate aerosols Figures redrawn by James 
DeGrand from Tet, pp 25,27, with the permission ofthe Metofice. 


appeared to be a transition around 1950 from coalto petroleum and natural gas, 
‘coal consumption began to grow again nthe 1960s filing an enormous demand for 
dectrica generation. 
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Piguretv.11.US electrical consumption and cost, 1900-2000. 
From the 19305 to the 1970s, electrical generation per capita in the United States ose 
‘ramatically, while costs pr kilowatt hour fel. Then in the 1970s improvements 
In generator efficiency stalled, costs rose dramatically, and generation per capita 
slowed. 


Figure1v.12. Energy consumption by word gions, total and per capita, 1965- 
2010. 

‘The Unite States ed the world in total consumption of energy until oughly 2008, 
‘when twas surpassed by China and a lange group of developing countries The 
United tates stil leads in consumption per capita but is down somewhat from 

1 peakin the early 1970s. Thecellapse cf the Soviet Unionis registered herein 
‘massive cut in energy consumption. The surge in total consumption by “allothers” 
Inthe context of zero grow per capita, indicates that energy usein these countries 
‘is simply driven by population growth. 


‘igure 1v.14, Global climate, economy, and population, 1850-2010. 
{Looking back to 1850, itis apparent that there have been two phases to recent global 
‘warming: 1015 ta 1945, and 1975 to present, with areasonably stable period in 
‘between Solar warming -and stalling of sulfate emissions both seem to account for 
‘the fest period of warming, during the world wars andthe Depresion_ During the 
‘post. war supercycle expansion down to 1973 solar influence was stable but both 
(CO, and sulfates rose sharply, producing no net gain in warming, Since 1973 solar 
‘nftuence hasbeen stable, CO; rising imegulaty, but sulfateshave been fling, due 
‘toboth regulation and the collapse ofthe Soviet Union. The result hasbeen a sharp 
‘three-decadeincreasein global temperatures. One ofthe results may bea disruption, 
‘ofthe typical relationship between the North Atlantic Oscillation andthe ENSO 
stems. 


‘Table 1.1. Coal consumption by sector, United Kingdom, 1816-1913 


coal cmnsumption in the United Kingdom shifted trom wun domestic heating 
manufactaring bythe id sineeenth cemry surging in ion ands! production inthe 
‘8904 and, wih he eroduction of high pesure stam engines nthe Luana 18508 


‘Soures: Coal consumption: Mitchel, (1988; Population: Mitchell (1 


‘Table 1.2. industrial horsepower and ritroad mils, United Kingdom/Great 
Britain, 1824-1900 


1000 honepomer Horsepowerin Mil of Mik of allroads 
intext factories textile factories per Railroads in Great Bitain 
Unita Kingdom 100.000 population, in Great per million 

United Kiogdomn itn, popelation, 
War Seam War Steam = ha 
power _pomer power power 
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‘Sourees: Horsepower, 1825 Musson: Horsepower, 1838-1870: Mitchel, 
(1983); Railroad miles: Mitchel, with Deane, (1971), 225-6. Population: Mitchell, 


‘Tee demographic tranation declining intent mortality and cnn ith aes 
late -inetenth and eat twentet century Europe andthe ited was i dey 
scone roth electra conmumpton. and CO; elaine. 


‘Soures: Urban population: De Vries, Weber: GDP and Population: Madisson; 
{Infant Mortality an Crude Birth Rate: Chesnais, CO; emistions: Boden, ea, 
lactreal generation: Mitchell (1998), 


‘The epoch betwoen the Black Death andthe onset ofthe Industrial Revolution was 
the fundamental hinge of human history. During the three and ahalfcenturies 
‘between 1350 and 1700, the path ofthe human condition was shaped by final 
florescence of the pattern that had consolidated after thelast Hallstatt solar crisis 
andthe Old World Iron Age and by a profound deflection toward the explosive 
‘expansions, capacities, and perils of our modern condition. 


‘Perhaps because ofthis epoch’ fundamentally contradictory, transitional nature, 
again we havea problem with labels and definitions. Traditionally in chronologies 
‘defined by European history this era consists ofthe Late Middle Ages, from 1350t0 
1500, and the early modern period, from 1500 to 1815. Obviously, noone at thetime 
‘would have recognized their respective “latenese or “earliness though they might 
‘wellhave sensed enduring continuity and new departures. Bt in hindsight we an 
‘ce broad parallel shifts in societies around the globe, in a wave front of advance 
‘that looks more like that ofthe ancient world than t does tht ofthe Mile Ages. 
‘These three centuries saw not jst a recovery from the Black Death in Eurasia and 
‘the medieval megaroughts in parts ofthe tropics, but along surg of population 


_mowth, trae, Smithian economic growth, and the consolidation ofthe authority 
and reach of state governance Perhaps the entire period from the recovery from the 
Black Death tothe fist launch ofthe stam engine could be called “ate archaic," or 
better yet, “late organi," because from 1700 forward we can se the beginnings of 
‘the mineral energy economy, 

‘But this late organic er” also saw a profoundly new geopolitical indeed global 
‘ecological realty For the first time in world history sine the Paleclithicdspersls, 
‘the peoples and ecologies of the world unite into a global commercial an politcal 
‘economy, driven bythe inhabitants of «peripheral yet geographically favored corner 
‘of Eurasia. Rising populations and cultural energies would shape the critical synergy 
‘urbanization and global trade and empire building. These would be the rsteritical 
steps beyond the Smithian “efflorescences” of limited and episodic economic growth 
‘that had characterized the human condition in the ancient and medieval worlds! 
{In Europe, but particularly in England, a perfect storm of demographic, ecological, 
politcal and cultural factors drove aworld-histoical divergence, in which a small 
people muddenly mobilized energy fom far beyond the loal limits of su, sl, and 
‘nual biomass Such would be the roots of global divergence that would have 
devastating impacts isthe New World and that would powerfully shape our modern 
‘condition. And both the ate organic” consolidation andthe ealy modern rupture 
would unfold in the context ofthe most recent Hallstatt solar minimum, the Lite 
tee Age posing enormous challenges for states and economies, The results would 
profoundly shape our current condition. 


Population in and beyond the Third Age 
of Epidemics, 1300-1800 


‘We should begin this examination ofthe erty modern transition with areview of 
the estimated growth of global populations, rom the efforts of French demographer 
Jean-Noe Biraben and others.* Here! adopt the fiction that therehave been three 
"ages of epidemics" though there probably have been more. The fst, described 

ln Chapter 7, marked the end ofthe Nea Eastern/ Mediterranean Bronze Age 
civilizations; the second and third, described in Chapters & and 9, marked the crises 
ofthe ancient and medieval words. Justa the ancent plagues lingered on for 
centuries, ooo the Black Death had aftershocks of plague and otber maladies that 
continued to ravage Olé World populations until theend of the seventeenth century 
"Nonetheless, global populations again rose to unprecedented numbers, Where 
population may have doubled to~440 milion during the seven and ahalfcenturies 
from the Dark Ages ta the ew of the Black Death, it tripled to almost abillion between, 
‘thelate fourteenth century and 1800, Since 1800, the modern growth of population 
‘has taken ust our current condition t more than 7 billion people around the world. 
{the trajectory of human populations is shaped ikea hockey stick, thelong, sow 


‘limb from the Paleolithic being the metaphorical stick handle and the shor, sudden 
‘expansion of the modern age the jutting blade, the epoch between the Back Death 
and the onset of the Industrial Revolution ste heel, where everything suddenly 
changed, 

the aggregate is one of a collective expansion the details tell a diferent story. 
Populations in different global regions had sharply divergent trajectories over these 
‘four centuries, reflecting fundamental reshaping ofthe global political economy, in 
‘what yas the fist ge of globalization (see Figure IlL2). The Old World core regions 
‘of China, India, Southwest Asia, and Europe maintained and widened their lead on 
the rest ofthe world though not without certain stresses. China and India grew 
‘the most rapidly after the criss ofthe thirteenth and fourteenth centuries, China 
suffering a serious crisis inthe seventeenth century, but massively expanding in 
‘he eighteenth; India apparently surviving the seventeenth century to stagnate in 
the eghtenth. Slowly recovering from the Black Death, Europe expanded, ifnot on 
‘quite the trajectory of China, staggering in the seventeenth century, recovering and 
‘expanding inthe eighteenth. Certain other Asian repions~ specifically Japan and 
Southeast Asia~expanded as wel. Across the Eurasian continent, then, the early 
‘modern period through 1700 followed a roughly common trajectory ofa general rise 
In population and economic dynamism until a seventeenth-century criss But ifthey 
suffered during the seventeenth century, most Olé World polities survived ntact: 
socal and politica formations were much mare adaptive and reniient inthe fae of 
the Little ce Age than had been the Bronze Age palace tates that colgpsed with the 
last Hallatatt minim of 1200-700 BC 


‘There wore, however, ours in the population race, reflecting the new balance 
‘of power in the early modern world While we have to assume that populations 
ew inthe Americas following the waning ofthe medieval megadroughts the 
sudden reconnection of the Old and New Worlds after 1492 brought population 
collapse inthe Americas under an assault of war, ensaverent, diveate and 
‘ological disruption Similarly, population in sub-Saharan Africa was advancing 
‘ona trajectory roughly coequal with that ofthe population in Europe, but by the 
seventeenth century, populations in partsf the sub-Saharan region began to decline 
with the onslaught ofthe slave trade. And, as dramatically and importanty the 
‘Populations of Southwest Asia and North Africa, now unified under various Islamic 
regimes, stagnated after AD 1000 oscillating between 30 milion and 40 milion 
fom the end ofthe ancient wotl! into the nineteenth century. Once the center of 
_lobal population concentrations in antiquity, this greater “Middle East” running 
‘from Moroccote Ietanbulto Afghanistan wat surpassed by China around AD S60, by 
India around 1000, by Europein the eleventh century, by sub-Saharan African the 
‘twelfth, and by Nev World populations inthe thirteenth, 


‘By themselves, the new and unprecedented heights of population across 
Enrasia might wel have produced 2"Malthasian® crisis, endogenously, just by 


simple overpopulation Certainly, xcasecanbemade fora Malthusian crisis in 
‘the seventeanth century? But again, the situation was not so simply endogencus. 
‘The growth ofthese populations occurred intheteth of second fundamental 
‘Greumstane,a period of abrupt climate deterioration traditionally known as 

the Little Ie Age. The Little Ice Age was driven by another of the 2,300-yearcyle 
Hallstat super minima —Trefer tot asthe Fourth Milewnal Siberian High to align 
it with the global old epochs af -7000-6000 BC, ~#000-3000 BC, and 1200-600 
Bc, each of which marked key moments in the Holocene history of humanity: the 
“secondary products revlution,” the ise of states, and the Bronze Age-ron Age 
transition. Itmay be, however, that the Lite Ice Age opened more abruptly and 
reached a greater intensity than any Holocene climate shift since te glacial Younger 
Dryas. In any event, 2 combination of population and climate forces intersected in 
the early modern period, most emphatically in the seventeenth century, clearly a 
century of crisis, manifested most powerfully in the collapse of Chinese populations 
and the notching of European people, but also in a wave of political upherval and 
revolutions across the Old World. 

But as much as “ris this was an epoch of response and “agency here cause 
and effect are woven intoa tangle of threads. This eatly moder age raw the forging 
‘of global empires and the growth of large and prospering European populations the 
two seem to have been mutually reinforcing. tn bringing epidemic disease under 
‘control, European societies began to damp down the crisis mortality that had been 
the overarching constraint inthe human condition since the eats timer, This was, 
argue, the bepinning ofa staged “epidemiologial transition’ that eventually led 
to our current condition of extremly high lft expectancies in virtually the entire 
world Then certain societies, mort strategically the English, benefited from new 
sources of energy derived from both anal and paleo-bomass, Annual biomass 
‘energy flows from agriculture and the primary extraction of fh, fr, and timber, 
‘emplres allowed the expropriation of biomass amounting to millions offre or 
“ghost” acres, effectively expanding the ecological footprint ofthe imperial power. At 
the same time, agricultural innovation produced greater efficiencies in the organic 
economy of that home country, independenty injecting more caloric energy into 
that society. fancient biomass energy inthe form of centuries-old pat already was 
‘being dug to burn for fe, the long seventeenth century saw the exponential increase 
inthe mining and burning of coal in England, setting the stage forthe role of fossil 
fuel in industrial production. The launching of these new energy systems, imperial, 
domestic organi, and domestic mineral all required concerted action and an 
‘enhanced “regime capacity” the ability ofa society and polity to initiate and fllow 
through on complex collective projects. The dynamics of regime capacity, population, 
and energy emerge in this chapter, and dominate the next, which provides an 
account of the accelerating pace of transformation of our modern condition. These 
‘questions emerge immediately, when we begin to consier regional trajectories out 
ofthe ea ofthe Black Death and through the Lite ie Age. 


‘The Question of Growth and Divergence 

“The arly modern er, particularly ina broad Eurasian context, presents interpretive 
challenges. Clary, with the growth of populations across Eurasia there was. abroad 
and general advance of socal and economic circumstances Strong and convincing 
arguments can be made that Asian economies were 2s prosperous and dynamic as 
European economies wellinto the eighteenth century. Inthe hot debate over whether 
the decisive break between Europe and Asia came in the Middle Ages, around 1500, 
‘oraround 1800, am reasonably comfortable with theater date* But regional 
trajectories along these roughly parallel tracks also began to build toward decisively 
diferent outcomes that would unfold in the centuries to come, anit shape the Way 
humanity entered the modern work 


Tes increasingly clear that economies expanded with and beyond their 
populations asthe postmedieval centuries unfolded. This was strong pervasive 
«yele of Smithian growth, in which rising populations drove a division and 
speclalizaton of labor. Here the key term is ndustriows rather than industrial, Aira 
ayant coined the term the industrious revolution to describe the intensification 
of labor in Tokagawa Japan and Jan de Viet has appropriated the term with due 
‘redit-to describe the wider easly moder acceleration of Smithian economic 
_rowth in Europe and across the Olé World* Renneth Pomeranz and R. Bin Wong. 
have iaunched literature that has established that European and Chinese standards 
of ving were broadly equlvalent through the eighteenth century. Reconstructing 
the ral wages earned by urban artisans and laborers in China, Japan, Indi Turkey, 
sand Europe, economic historians are coming up with complexrerults, butte general 
pattern suggests a general similarity — with different patterns of wages and prices ~ 
‘cross many parts of Asia and Europe during the longer ealy modern period? 
‘These broad parallel advances in economy were matched by the consolidation of 
Increasingly effective miitariad states, imperial and protonation, with widely 
similar impulses toward ideologies of universal empire and millennialism. Hereit 
rmightbe suggested thatthe etfectiveness ofthe extly modern empires stands in 
significant contrast to relatively weak mesieval polite, which Stephen Epstein 
seas as suffering from legal integration problems sifting the growth of markets, 
governance bottlenecks overcome during the fifteenth and sixteenth centuries 
{a Ching, the Ming dynasty replaced the Mongol Yuan in 1363, after three decades 
of epidemic and summer monsoon fallure. The Ming ruled for almost 300 years, 
‘ebullding the Grand Canal and an imperil city at Bling, building the Great Wall, 
thising vast armies and fleets, and managing a revitalization of agriculture that 
supported fourching urban commerce and a doubling of population between 
1350 and 1600. Ifthe Mongol tradition was ejected from Ching itived on among 
ambitious descendants. The fie of these wae Timur or Tamerlane whobetween, 


‘the 1360s and 1398 forged avast domain extending from the Black Sesto Delhi, 
‘and who eventually fed in 1405 ina failed attempt to retake Ming China. A century 
‘er his mantle was taken up by Eabur and then Atbar, who in the sixteenth 
‘century conquered lof India forthe Mughal empire *° In Anatolia, the conquest of 
Constantinoplein 1453 marked the transition ofthe Ottomans from local emirate 
‘tw territorial empire, which within a century had spread far alngthe North African 
‘coast and was knocking on the gates of Vienna." A parallel process unfolded in 
Europe with the rise ofthe Spanish- Austrian Habsburg alliance, eventually filed 
by resistance from the French, the Dutch, and the English, Thus historians see 
‘ocetes across the entire Old World as roughly equivalent in standard of ving and 
governmental het. Something of almost the same order can be said forthe tate 
polities ofthe New World. In the Andes and in Mexico, the recovery from crises of 
‘the Medieval Climate Anomaly set the stage for Inca and Aztec polities, which can 
‘be compared in sale, reach, and eective governance tothe geat contemporary 
Euraian empires! 

‘This eminently wat an era when great land-based empires ~broudly symmetrical 
ln their power - dominated the global state As Victor Lieberman has stressed, 
much of the parallel developments during this age ested inthe simultaneous 
ower and each of Inner Asian warrior rulers, conquering and governing the Old 
‘World ciiizationa cre regions: ta, China, Southwest Asa? But size wat not 
‘everything. One ofthe fundamental questions about the eatly modern period is why 
‘smal, marginal region that had never particularly distinguished itself onthe world 
stage England ~should movein four short centuries from the utter devastation of 
the Black Death to dominate the worl and to launch eclogial changes that define 
the central features of modernity. One explanation of this divergence has emphasized 
‘cultural and political attributes, nd take culture and politics into account. But-ast 
have suggested throughout this book -culture is framed and constrained by context, 
snd swith thoue material contexts that I begin. 


‘Global geography played certain role in the emergence of Western Europe fom, 
its es than central part. Like Mesopotamia and the Mediterranean circuit twas 
favored by a diversity of seas and coasts, rom the shallow Baltic and North Seas 

‘hat rach into the boreal interior tothe deepwater Atlantic that in turn connects 
‘withthe Maditeranean and led ou into the western and southern unknown. The 
demands of navigating these different waters fusled the evelopment of new and 
evolving maritime sills The land itself was complex, with multiple river systems 
‘and mountain barriers that, with the adjacent oceans, shaped a flow of weather 

‘hat typically guarantees Wester Europe moderate and predictable precipitation. 
[mot as fertileas the alluvially recharged soil ofthe Nile valley and central China, 
European soils were relatively young, recently mechanically rejuvenate by glacial 
‘ction, and capable of supporting stable hardwood forests. And if Europe was not 
‘ahearth of domestication, its temperatecimate and sil were well suited fr the 
diffusion and elaboration ofthe sauthwester Asia fod package of grains and 


animals. This agrarian ecology, evolving out of ancient Mediterranean forms inthe 
‘Middle Ages to increased productivity through the more frequent use of animal 
plows and heavy wooden and iron implements, could support growing populations, 
nd sillhad roam for improvement. And tectonics helped a wel there have been 20 
active volcanoes between Iceland and central Italy, and few damaging earthquaket 
north of the Mediterranean For millennia Western Europeans could be reasonably 
sure that nature would not deliver deadly, cost, and unpredictable devastation. 


‘This geography hada strategic element as well Europe's mountain barriers and 
multiple river systems as well asits generalized access to these, proved an 
lmpediment to empire after the Romans no single imperial pality ever managed 
to dominate the entire subcontinent The result was relatively stable system of 
‘multiple states, bounded by rivers and ranges, in which states might struggle for 
sddvantage, but rarely gui decisive and enduring preeminence. Except perhaps the 
‘Austrian Habsburgs who stood against the Ottomans, Europe was alsoa protected 
petiphery, insulated from the Inner Aslan steppe warrior conquest that cost the 
Byzantines theIlamic world, india, and China so dearly, eltherin direct and 
‘devastating conquest o in the blood and treasure of defense Rather than defending 
gains eastern threats, Western Europe could venture to the west, where inthe late 
Atteenth century it became apparent lay vast New World continents brimming with 
fh, fr, timber, sol, and even treaure.}> 


‘These apparent advantages have encouraged one school of historians to see 
‘Europe divergence from Asa starting deep inthe medieval past. Graeme Snodks has 
‘modeled s long,-un estimate of European economic growth beginning at roughly AD 
1000, when Angus Madalsca’ estimates of GNP have the Islamic regions, India, and 
China all ahead of Europe. Madison charts a course of divergence in GNP that begins 
somewhere between 1000 and 1500, when Europe in his calculations had surpassed 
allofthese ancient centers of vitation."® 


Arguments for Europe’ economic divergence from the major Old World centers, 
particularly China and tndia before 1800 are hotly disputed by acompeting schocl, 
led fist by Andre G. Frank and now Pomeranz and Wong. Contesting any long-run 
European advantage, these historians argue that the rise ofthe West” was amater 
of empire building and armed coercion rather than internal economic development, 
and that a erulking“Sivergence” began tobe apparent only after 1800. Pomerans, 
particular, has presented a case that China was on par with Europe, and the Yangtze 
‘Valley with England, through the end of the eighteenth century, when England 
ined ground through a windfall of biomass in the form of ghost aces" in tropical 
‘empire and underground in the form of vast accessible coal deposits 17 

there were broad parallels across the Old World, there leatiy were strategic 
shifts that would beof great consequence. Within the European economy, between 
1500 and 1800, the center of gravity shifid from the Mediterranean south to 
northern Europe, particularly tothe Netherlands and England More precisely, aly 


‘ed the European economy from the Middle Ages into the Renaissance, ndin 1500, 
was the most prosperous region in Europe followed by Belgium. Inboth regions, 

‘dynamic relationships between growing cites and rural labor fed advanced textile 
Industries, while Italy prospered a the entrepét between Christian Europe and the 
Islamic Mediterrancan. By 1600, the Netherlands had overtaken Italy and Belgium, 
‘and England was close behind: by 1700, the Netherlands and England werein the 
lead 


‘What happened to southern Europe, particulary Italy, sa matter of considerable 
‘debate. Cleary, the more than half century of destructive wari lly between 1494 
tana 1559 took its toll Sotoo,as Robert C. Davis has recently demonstrated, the 
rising tof slave rang fom the Barbary states on the shipping and coastlines 
‘of Mediterranean Europe, taking a east a million Europeans into slavery in North 
Atrcaby the end of the seventeenth century, must have had a devastating effect on 
Mediterranean economies, A more long-term ecological argument suggests thatthe 
‘colder and moister north generated more exploitable biomass particulary timber ~ 
‘tw support. rising population in an organi economy? Each ofthese factors would 
have shaped how north and south were positioned to participate in an emerging ea 
ofintercontinental trae. Allof thee considerations are enmeshed in atangle of 
Isrues involving the ways Europe and its constituent parts emerged from the trauma 
ofthe Black Death. 


‘Thus it clear that certain strategic factors increasingly began to favor Europe, 
particularly northwest Europ, bullding over the cours ofthe ealy modern epoch 
‘but becoming evident particulary atthe end of the seventeenth century. Recovering, 
not immediately from the trauma of the Black Death and the ensuing age of 
_warfare, Europeans launched voyages cf exploration that quickly evolved into 
programs of empire building that devastated the peoples ofthe New World and sub- 
Saharan Aft. 


‘Wecan convenienty divide this story of European empire building into four 
“Ynterpretive centuries” First, ina long fifteenth century from 1350to 1402, 

the colape of populations brought astruggeforrexources both internal and 
external, as European states emerged inaneraof competitive warfare that graded 
{nto a maritime search for new global trade ites. The next several centuries 

saw the elaboration of a system of competitive empires, focusing on Aslan spices 
and American silver in the sirteenth cantury, then on American sugar produced. 
by African slaves inthe seventeenth and eighteenth centuries In sequence the 
Portuguese launched the age of exploration inthe fifteenth century and with the 
‘Spanished the sirtenth century, the Dutch led an overlapping seventeenth century 
from the 15¢0stothe 1660s, and the English led along eighteenth century running 
Into the nineteenth, asthe earfy Industrial Revolution began to sharethe stage with, 
‘lobal empires 22 


‘The Aftermath of the Third Age of Epidemics 


‘An account of Europe's conquest ofthe erly modern world ands trajectory 
‘toward industrial modernity has tobe grounded inthe trauma of the exogenous 
‘demographic shock ofthe Black Death. The term shock comes fom economic theory, 
‘positing that functioning economic system willbe shocked” ontoa different path 
‘of development by an external force, here mass death by epidemic disease As the 
{famous French historian Mare Bloch yrote, modernity was forged in a ‘crisis of 
seigneurial revenues" Most fundamentally, the survivors ofthe Black Death were 
traumatized, they generally did beter than they had inthe past. The low of money 
‘upward from peasant to lord that drove the medieval econcmy was disrupted, with 
thuge effects at many levels. 


‘Such had not been the case #00 years before atleast inthe West after pandemic 
sand war assaulted the ancient world, and the difference ies in political structure 
‘The anclent plagues had hollowed out the western Roman empire, which eventually 
«collapsed, Butin the era ofthe Black Death there was no grand empire to undermine, 
‘only small states to clash with eachother. The Hundred Years’ War, central tothese 
‘contests, began in 1337 asa dynastic struggle over territory between the French 
House of Valois andthe Anglo-Norman House of Pantagenet/Anjou. Launched 
Inthe wake ofthe Great Famine and ast before the impact ofthe Black Death the 
Hiundrod Years War canbe sen asa resource wat, not enticely diferent from the 
frontier and dynastic wars that shattered the empire after AD 200. Askingdom 
turned on kingsom, nobility and gentry found inservice tothe monarch a hope of 
recovering by territorial acquisition and planer what they had lstin peasant death, 
and in peasant demands for release from lordly obligations Mobilization, taxation, 
sinding campaigns and sleges, and marauding freebocters and highwaymen wore 
‘down French peasant and artisan population already diminished by climate change, 
famine, and plague what hasbeen termed the crits of feudatiom. Lasting nti) 
1453, and spawning or coinciding with wars in bera and Brittany, the Hundred 
‘Years War - with recurring rounds of epidemic~certainly slowed the recovery of 
‘population in France. Escaping the worst of the Hundred Years War, the English 
Immediately plunged into the equally devastating Wars ofthe Roses, the struggle 
‘between the royal houses of York and Lancaster forthe English crown that broke out 
immediately folowing English defet in France. English population did not begin to 
‘recover its mumbers until after the Tudors ended the warn 1487 and reestablished 
olitial and socal stability = 


‘manuel Wallerstein's analysis of the teenth century hingeson therolecf these 
‘wars in reshaping European polities and ecanomies in the wakeof the demographic 
destruction wrought by the Black Desth Effectively, anera of warhad tobe brought 
to anend and order restored and the agent of that onder was anew kindof monarch. 
‘These Renaissance monarchs Louis XI, Henry VI, and Ferdinand and Isabella 


‘mobilized their societies in war to form the fis effective European tates, Victory 
‘required money to pay for the new troops and equipment to fight these ware master 
‘flighty armored pike bearing infantry and archers, followed by the fist artilery, 
massive siege guns. Medieval courtly warfare of heavily armored nobles and knights 
‘qlekly became a thing of the past, 2s the new monarchs invested in new armies 
‘compote of hired mercenaries, armed with expensive gunpowder weaponry, 
tnd funded by new taxes managed by an emerging corps of royal bureaucrats. In 
sn escalation of military investment, the new fourteenth-century infantry and 
artillery were followed between the 1490s and the 1550s by massive fortifications, 
arquebuses and muskets, an the artillery armament of naval vessels. hee costly 
sddvances in military technology a rolling “altar revolution’ intended toring 
preeminence of nation over nation, led ver the long run tostalemate in Europe But 
88 Geoffrey Parker has written this internal struggle “paid handsome dividends," 
ss during the sixteenth century European powers turned thei attention out onto the 
world, to forge the frst global hegemony in history> 

Itnew, more effective politica institutions were iling people in wars to restore 
‘order in late medieval Europe they were also saving ives, if lowly and gradually, 
Inthe est tentative steps in the epidemiological transition that would establish the 
fundamental ground of modernity. As the plague struck alin cities in 1348, public 
health ofcers were immediately commissioned to stem the tide of epidemic; the 
fist quarantine for shipe was impoued atthe Italian port of Ragusa in 1377. By the 
‘end ofthe century, Itallan cites and provinces were authorizing permanent bourds 
of health, and by the 1460, systems for quarantining ships were routine in ports 
with frequent trade to the eastern Blediteranean Ifplague outbreaks continued 
sporadically through the seventeenth century step by step European cities, nations, 
and physicians learned how to contain the plague through concerted government 
action, lating the potentially infectious and the infected, and indeed caring forthe 
sek, Samuel Cohn as recently argued tha nthe struggle withthe plague European 
Diyiclans threw aside ancien practice and began to rest the sick based on their 
‘cumulative observations of ease histories; indeed he claims that the self-confident, 
trhumphant humanism ofthe enaissance-“a new culture of secularism, state- 
building, and ame and plory™- was the result of these succesful efforts to stem 
thetideof disease If the rough estimates that we have ae even vaguely correct, 
‘Populations in most of Europehad by 1500 almost regained from the losses ofthe 
Black Death 


‘Thebubonic plague had not rants course in the eat, however, and expandadite 
‘each inthe emerging Ottoman empire from natural reservoir in Kurdistan The 
‘plague erupted into Europein 1665, when it reached London: in a series of epidemics 
‘neastern Europe between 1703 and 1716; and when it devastated Marslies in 
1721, But the network of maritime quarantines and plague hospitals, augmented by 
‘cordon sanitaire established onthe Austrian-Ottoman frontiers after 1710 (and 
abandoned onlyin 1871), worked to stamp out the plaguein Western Europe.In 


‘this effort began the process of stemming the criss mortality that had constrained 
‘uman populations for eons * Similaty i throughout the early modem period 
‘harvest failure ed to dearth and even faming, increasingly efectivelocaland 
‘national governments began to direct the shipment of grain and keep famine 
‘mortality tox minimum? 

‘The theory of the epidemiological transition posts a series of four stages in which 
‘mortality declined and life expectancy increased: waning of pandemics, the decline 
‘fcommunicable childhood diseases, the decline of respiratory disease and infant 
‘mortality, and the medial containment of degenerative diseases?” The efforts to 
‘control the plague starting inthe fifteenth century shouldbe seen asthe opening 
‘ofthe first stage. During the eighteenth century, these "macro" effort at public 
health and crisis mitigation of the frst transition stage would be augmented by 
“miro” efforts with the rst inoculations for smalipay, inthe onset of the second 
stage. Though other elements were at work, which we consider in the pagesto 
follow, there ia broad consensus that improvements in governance and medical- 
‘lente practice fr from perfect, helped to stem the tide of crisis mortality and 
to shape early modern Europe's population expansion from the fifteenth century. 
‘But if Europe clearly began to bring the epidemics and ensuing crisis mortality 
under control, this was Hot the casein Isla Southwest Asia and North Ale, 
were populations did not recover thei numbers until the nineteenth century. Here 
religious understandings ofthe plague seem tohave played an important role in 
‘combination with the legal structure of landholding. 

European medical efforts against epidemic were one dimension of wider 
Christian response tothe plague The sudden appearance ofthe Back Death Iunched 
‘wave of milenarian anaeties through European societies. The plague was seen by 
‘many asa harbinger of the Apocalypse and inspire in 1348-SO a veries of extremist 
‘movernents,tchuding agellants abusing themselves to expate the rns that had 
brought the plague and mobs who massacred Europe’ Jews and remaining Muslim® 
for bringing the plague to Europe The apocalyptic response ta the plague was 
‘arvie forward in the coming centuries by the mllenarianism of Joachim of Fiore, 
wot writings contributed equally tomyatical Catholicism and the beginnings 
‘of the Protestant Reformation les than acentury and a haf after the onset of the 
Black Death Such visions of the Chistian millennium would also contribute toboth 
‘Spanish and English justifications for empirein the coming centuries = 

‘These mllenarian impulses centred onan understanding ofthe plague as 
divine judgment for human sins, sins demanding expation by atonement and 
improvement. heist onslaught ofthe Black Death - if Ole Benedictow iright— 
‘may have struck ich and poor in roughly equal terms: during ensuing bouts ofthe 
plague, those with the resources to escapeto the country orto protect themselves 
‘rom contact with the contagious dds, The affctiveness ofthis isolation and 
‘enduring assumptions that sn and disease wee isproportionately associated with 


‘outsiders andthe poo, must have contributed tothe impulse to erect the rude 
regulations and barriers that made up the arly quarantines- public health was 
‘partand parcel of an effort to improve and regulate society for the greater glory 
‘fod, an the survival, and perhaps the profit, ofthe propertiea*? Something 
broadly similar, demographically speaking, seems tohave unfolded in Japan. 
Increasing contacts with the Asian mainland during the Middle Ages brought waver 
‘of pidemics that limited Japanese population growth through the thirteenth 
‘century, But particularly inthe seventeenth century, when the Tokagawa shogunate 
drastically reduced and channeled the low of commerce Japan avlded the impact 
‘ofcertain devastating diseases. Behind the isolation of ths political quarantine, 
Japanese population benefited from the “frst epidemiological transition," doubling 
to 31 milion in asingecentury®® 

‘The Islamic work had suffered plagues intermittently since the aftershocks ofthe 
Justinian Plague, which lingered in the eastern Mediterranean for hundreds of year 
‘The slamic injunctions regarding the plague were peshaps more humanitarian than 
‘hose ofthe Christian Europeans light from the plague was discouraged because 
‘meant abandoning one's community and perhaps spreading the epidemic. Plague 
was a judgment on the infidel, but a blessing onthe Muslim: a “good death by the 
Plague was the equivalent of martyrdom in had. Though llamic physicians were 
‘ot unanimous on this polnt, twas widely assumed thatthe plague was not caused 
byacontagion, bt by jnn demons acting out the wilof God! Though often quietly 
Ignored by those seeking protection n ight, thexe religious teachings had to have 
contributed tothe failure ofthe Midi East to recover from the Black Death. 


(Other forces were at workin Egypt, the most productive agricultural pion in 
the slam world. Herelandownership and its income wee assigned to Mamuk 
Warrlor-slaves who served the sultan, but who could not pas their properties to 
ensuing generations. Living in barracks in Cairo and engaging ina complex factional 
polities, the Mamfuks ths had no interest in the longterm development oftheir 
holdings: When the Black Death struck, they continued their demands fo income 
from a peasantry dying in huge numbers. The result was that Egyptian agriculture 
especialy the irrigation systems that required collective labor - quickly deteriorated, 
and didnot recover for centuries Recent careful research in Ottoman archives 
suggests thatthe plague might hve waned somewhat in the century following the 
Black Death But fist withthe Ottoman conquest of Constantinoplein 1453 andthe 
aggressive expansion ofthe empire during the siateenth century, the plague became 
endemic, circulated by the commerce and troop movements around the Ottoman 
[Masiterranean. In addition, it seems that in large parts ofthe Midale Eat, the 
‘widespread practice ofbirt controls reaction to “bad timer" played an mportant 
‘oein the ongoing limiting of population growth 3? 

‘Such was not the casein Europe: While Egyptian landlords maintained tight 
‘control over rural labor, European landlords filed *® Manorial systems were already 


{in some disarray before the Black Dest, and where landholders attempted to 
‘maintain the shreds of fecal control, they were confronted with peasant rebellions, 
such as Watt Tylers Revolt in England in 1381. Throughout Europe, the exogenous 
shock of the Black Death, sweeping sway athird to ahalfof the population, made 
lie easier or the survivors a the broad producing base ofthe social pyramid While 
‘lites scrambled to replace “seigniorial revenues, the working people of Europe 
‘enjoyed. bonanza for about two centuries, until oughly the middle ofthe sixteenth 
‘century: fewer hands meant higher wages: fewer mouths meant lower prices. Labor 
wasin demand and could set the terms of ts employment. Marginal lands farmed 
Inthe twelfth and thirteenth centuries were abandoned to sheep and cattle, and. 
the terms of tenure of productive arable land shifted toward simple tenancy or even, 
_yeoman ownership. Despite the continuing risks of epidemic, an increasingly mabile 
people contributed to growing numbers in towns and cites. Expanding silver mining 
In Central Europe provided the rw material forthe money that drove this ate 
‘medieval economy. the post-plague economies were not as productive as they had 
been before the Black Death, there was more to go around, and more tobe spent on 
‘foods manufactured by neighbors and on luxuries mprted from the fabled East.® 


Emerging European Empires, New World Depopulation 


‘There was good money tobe made in the ancient trade with the East Even though 
the Black Death had raged along the Central Asian trade route, andthe collapse of 
Mongol power had disturbed it somewhat, rade still moved across the overland 
route, even if Europeans were nt as closely involved as before the Black Death, 
wien the Genoese were based t Kaffaon the Black Sea. Nonetheless from 
China and spces fom Southeast Ala owed to Burope through Ialamic middlemen, 
and they could be moved to Europe for greater profit a direct trade could be 
developed. Portuguese sailors, closely flowed by the Spanish and then the Dutch 
and the English, made the opening explorations around Africa and into the Indian 
(Ocean atthe end ofthe fifteenth century. Here the fush wages of prosperous 
European workers combined with the armaments ofthe military revolution and 
the millenarian impulses of European Christianity to forge the opening of the age of 
‘lobal empire 

‘European empire building spread in two directions virtually simultaneously. Soon 
after the Portuguese lara the Cape of Good Hope in 1488, opening anew passage 
‘reeof islamic control tothe Indian coasts, Ceylon, and the spice islands of Indonesia, 
the Spanish sent a Genoese captain - Christopher Columbus -on a suicidal mission 
‘twfind a western routeto the Indies By the 1530s, the basic structures of siteenth- 
century ocean-borne empire werein place: the Portuguese launching an ambitious 
‘venture to control the trade ofthe Indian Ocean as wells establishing outposts 
‘on the coast of frail, and the Spanish acting onthe aims of Columbus and then 


Ferdinand Magellan to conquer fom Mexico and Peruto the Philippines. Harassed 
‘by French and English raiders from the 1560s, the Tberian powers were from the 
1590s displaced by the armed trading company ofthe Dutch republicin the Indian 
(Ocean and the coast of China and challengd by Dutch power along the Brazilian nd 
Surinam coasts. Finally, the English would enter the struggle in earnest the frst 
‘dacadesof the seventeenth century, settling scattered foothold clonies along the 
temperate North American coast and at Barbados and the Leeward Islands followed 
by trading forts in nia. 

‘The sixteenth and seventeenth-century European empires thus reached into 
‘many comers ofthe world, particularly the tropics. There was a fundamental 
‘ological logic to these first global empires: the search fr complementary biomes, 
Living nthe temperate zone, Europeans sought out different biomes that produced 
‘commodities not available at home. Thus parallel imperial trajectories were launched, 
Into the boreal forests of Russia and North America in search of harvest of furs, 
the American trade link to the ishing Mets that were probably onthe Grand, 
Banks decades before Columbus sailed. But the tropics were where the real wealth 
lay literally because the late medieval “cience” of alchemy posted that metals 
were volatile an bolled tothe surface under the heat ofthe tropical sun, Thus the 
Initial and continuing impetus for empire was to gain contro ofthe exotic products 
‘ofthe east: pepper, cloves, utme, the fine spices from Southeast Asia tea from 
China and Ceylon. Silver would pay for spices: Cortes and Plzaro frst looted gold 
and ler from ther Artec and Incan conquest, and soon thereafter slvr mining 
became the central feature of the Spanish empire, and an increasing stream of siver 
bullion Nowed into Spain, the European economy, and then east to India, Southeast 
Ala, and China, Later features of these emerging empires developed out of an older 
Agricultuy, Sugar had been grown on intensive plantations with coerced abor in 
thecastrn Mediterranean since Roman times, moving progressively west during 
the Middle Ages to Cyprus, Crate Sicily the North African coat, and then into 
newly discovered Atlantic sands: Madeira, Cape Verde, the Azores, and the Canarit. 
Sell depletion and the destruction ofthe enslaved populations ofthete islands 
‘contribute tothe Portuguese ventures along the Afican coast, where they began the 
Atscan slave trade to support the production of sugar From the Atlanticislandsit 
‘was only arelatively short hop to Brail where native Brazilian peoples were enslaved 
from the 1530sto workin the cane feds and malls. Over the second half ofthe 
‘century, as they led out, the Portuguese switched to African labor, andthe Atantic 
slave trade was bon? 


Four key points need tobe established a the outset regarding the reconfiguration 
‘of power, population, and well-being around the globe in theealy modem era Fist, 
there wer obvious losers Sincethe rise f the state, thefocusf population and 
polities and cultural power ad run in aband around the southern mid latitudes 
“where the erlest complex societies and subsequent empires ad formed, fom 
‘he Mediterranean through South and Southwest Asa toChina and thenthe great 


‘Mesoamerican formations. During the Middle Ages, the Old World civilizations 
tha been link ina balanced series of regional economies from eas to west, and 
from ther release from the droughts of the Medieval imate Anomaly New World 
iiztions had been accelerating in their scale and complexity” Now, specific 
_dynamicr of epidemic shock, dynastic milenarian impulse and the technological 
spiral ofthe military revolution suddenly put distant corner of Eurasia ina postion 
‘of world domination. 

Second, the crisis mortality of the Black Death was matched and rematched by the 
sssault ofa host of ld Word diseases on New Word societies Here mass death came 
through the combination of virgin soll” contact with Old World disease and the 
disruption and degradation of population ecologies through violent dispossession 
tnd then enslavement. *Spanish sldier-settlesin the Caribbean quickly decimated 
local populations before moving on tothe Merican coast, wherea smallpox epidemic 
‘opened their way into the valley ofthe tess, as it woulda few years ater inIncan 
Peru. Ahost of disease rom both temperate and tropical Olé World locales 
‘mallor, iiiuensa, measles, mumps, typhus, malaria, yellow fever, dengue fever, 
‘even the plague ~ swept through Mexico, Peru and coastal rai. It may be that 
‘epidemics struck in hemispheric waves that reflected European epidemiology: 
‘measles inthe 1530s, typhus or plague inthe 1540s, influenza in thelate 15505, 
‘measles nthe 1590s tn Peru, the death toll was greater in the tropical lowlands, 
were populations dropped rom 7 milion toss than 130,000 between 1525 and. 
1571: highland Peru, the death tol vas tl fearsome, but not quite as devastating, 
Aropping the population frm 4.6 million to 1.3 milion. ta Bra the fis truly 
catastrophic epidemics came during the 1850s, apparently part of an Atlante. wide 
‘contagion of influenza” Genetic research indicates that Amerindian depopulation 
‘uted a serious bottleneck, suggesting a roughly $0 percent decline nthe eiteenth 
century! 

‘Recent research on Mexico argues that these epidemics had both Old World and 
"New World origin. Smallpox kiled roughly & milion people uring the 1519-21 
conquest Butt was fllowed by a series of even more devastating epidemics of local 
‘origin, hemorthagic fevers known as cacoust apparent erupting rom rodent 
populations. The fist of these broke out in 1545, and killed as many ax 15 millon 
Mexicans, perhaps 80 percent ofthe total native peoples secondin 1576 cutthe 
surviving population in half, to 1$-2 milion total Spaniard were unaffected, and 
theconsensusis that these epidemics fed on the crowded and degraded conditions of 
‘he native population, reduced ta servitude on semifeudal encomiendas:*! 


InNorth America, isolation helped buffer the fst shocks ofthe European 
“encounter. Bt Spanish incursions de Soto expaditon followed by amistion 
systemon the Florida coast cut the Indian population of the southeast by 1600. 
‘Then the establishment of small settlements of English and Dutch, particularly when 
‘they brought children from the dieace environments of European coastal cites and 


tows, sent waves of epidemic disease into the northeast interior recent study 
argues thatthe wort ofthe epidemic mortality struck in the American southeast 
with th expansion of English slaving networks after 1670.By 1700, North American 
Indian populations had dropped by almost 500,000, mostly east ofthe Mississippi 
and among Pueblo peoples subjugated by Spanish outposts on the Rio Grande. By 
1809, after massive smallpox epidemic set ofby the American Revolutionary War 
ha spread far into the continental interior, North American Indian peoples at best 
‘numbered only one malion people “= 


Recent detailed studies have suggested a series of important new perspectives on 
the mass epidemics in the post Columbian New Wotld.Paleopathologsts working in 
the middle Mississippi and Ohio Valley conclude unequivocally that compromised 
‘health status among lat prehistoric peoples is significant factor in understanding 
‘st-Columbian depopulation," and that “essened dietary variation, nutritional 
lmbalances, nd deficiencies were Lely and would have led toreduced levels of 
lmmunocompetence* The evidence points toa complex mosaic of disease impacts, 
with variable exposures and chronologies of infection unfolding over centuries, 
‘The pcture is of tignifcant sixteenth century and early seventeenth-century “fist- 
contact” epidemics compounded by ongoing episodes of dizeae as regions came into 
Arce and ongoing relations between natives and settlers. Disease movement came 
{n*xpurtsand bursts” as ripped through dense settlements and then slowed at 
"buffer zones” until spreading to other population centers. Henry Dobyns has argued 
that native trading centers throughout the stteenth and seventeenth centuries 
were particularly vulnerable Among the mistonized peoples of the southeast, the 
work of lark Larsen, Davi Jones, and others stresses the wider “suite of pott- 
contact conditions including malnutrition, overwork, and the disruption of delicate 
subsistnce systems compounding disease to shape the ongoing decline 

‘The Old World contribution of disease inthis Colombian Exchange may have been 
‘balanced by aNew World “return” inthe form of syphilis, though the debate on this, 
point continues"? Bus the relative lack of diseases originating inthe New World 
flowing to the Old leads us toa complex of issues volving mortality, nutrition, and 
Malthus Complex societies north of era were relatively recently established in the 
"New Worl, and especially sin North Americ, where food sufficient to support 
large, dense populations ~com/maize - wa introduced only between AD S00 and 
{AD 1000. Lacking the disease vectors of domesticated animals and isolated from 
‘the Old World imperial circulation of diseases, New World populations had not 
‘been subjected tothe waves of criss mortality from epidemic disease that had long 
afflicted the Old World. The price ofthis innocence, even prix to European incursion, 
‘may have been a significant level of malnutrition if theoetelogical analyees are 
correct. Thecorn-beans complex may have supported rapidly erowing populations, 
‘butt seems possible that these dense American populations were getting too large, 
and were nutritionally compromised? Without criss mortality-driven population 
‘reductions, even if Columbian impact had ben delayed fr several centuries 


Amerindian populations might well hve reached their own endogenous Malthusian 
limita. But Amerindian di not reach such an endogenous outcome because an 
‘exogenous event intervened. 

Food globalization was the thin key outcome of early modern empire Iftis 
posible that New Wot foods in and of themssiver might not have supported New 
‘World populations fr too much longer itis clear that, in combination withthe Od 
‘World food packages, they have been feding humanity ever since. This globalization 
‘of food isthe tind key outcome of the encounter of Old and New Worlds. The 
‘Columbian Exchange involved an exchange of DNA, both pathogenic and nutritional. 
New World fods, most importantly comn/maize, potatoes, and eventually castava/ 
‘manioe, moved east and powerfully shaped the erly modern rise of population in 
the Ola World, 

Cohumbus brought fn variety of corn/maize back rom the Caribbean to 
Sevillein the 1490s, anditseartiest extensive Old World cultivation seemstohave 
followed the course of empire; farmers were growing tin the Cape Verde lands 
‘nd along the West Aftican coast by the 1540s By the late sixteenth century, int 
corm was grown in northern Italy and in the Me East, where it was known as 
‘Turkish wheat It pread more universally across southern Europe atthe end of the 
seventeenth century, at did in China and India. Throughout Eurasia, corn fled 
the ecological gaps inthe Old World food system, growing in dry pland sol that 
‘would produce neither wheat nor rice, and supported the considerable eighteenth 
century population increases, which in China involved the colonization of ily 
and mountainous territory well beyond the domain of wet rice cultivation. Ifcomn 
‘became the new food ofthe warmer, drier Olt World “south,” potatoes became that 
ofthe colder, damper Olt World “north and of mountainous regions. Despised ata 
‘dirty food, the antithesis ofthe Tobie grain," the potato took longer tobe adopted, 
But over the seventeenth century, the potato was widely adopted fst as famine 
recovery food inthe Netherlands after the Thirty Year’ War, then by poor cottages 
ln Englih-occupied Ireland. During the eighteenth century, it took bold in Germany, 
eastern Europe, Russia andthe highlands of China and the Mediterranean, again as 
‘oth agroecological extender and a famine crop forthe oot Manioc spread later, 
during the nineteenth century, into the tropical OM World a8 com and potatoes and 
‘host of supporting New Workd species beans, peanuts, tomatoes, chilies - were 
entrenched into Old World foodaye” 

“The rerult was an energy revolution for Old World peoples. The sheer volume of 
calories added to the Old Worl det on an annual base can only be guessed at, but it 
‘must be seen as an enormous addition tothe energy available to support Old World 
socetes Butt isclear that American foods helped to support the dramatic surge 
‘of population in the Olé World, especially in China, where population more than 
‘doubled between 1650 and 1800, and in Europe, where populations grew by at east 
60 percent. Land was used more effectively and consistently, and simply was able 


‘tw produce more digestible biomass withthe incusion of New World crops inthe 
agricultural mix Some ofthis New World derived production, particulariy corn, 
was used for animal fed, but as such certainly added to the ealoric/biomass total 
available to Old Word peoples. We typically think of energy as something burned in 
‘hearth or an engine, but food calories are certainly burned in the metabolic engines 
of living bodies. These sed food calories worked in combination with institutional 
action to stem the tide of epidemics, and thus to stem the tide of crisis mortality in 
‘the Old World. Whether this added nutrition did much more for human well-being 
In aggregate other than to stabilize the extremes of mortality isan open question, 
however# 


Exotic crops entered the European food chain by trade as well Such ofcourse wat 
‘the orignal purpose of the armed expansion of ently modern European commerce. 
ln chronological priority this meant the spies and teas of Southeast Asia and Ching; 
‘to these we can add the sugar moving nto the Atlantic circuit, and coffee orginally 
from Yemen. The New World added two more tobacco, particularly the sweet 
varieties from the Orinoco, and caca, the base ingredient of chocolate Of these, 
sugar and tobacco, with coffee and acso, would become central to the plantation 
agriculture established inthe Americas from Braz through the West Indies and 
north tothe Chesapeake Along with tea all are mildly addictive pharmacople 
stimulants, and their impact was exactly that on extly modern European society, 
Which was atthe same ime experimenting with arange of new distilled alcohol 
products, Ax gin, rum, whisky, and tobacco dsplace bee, ale, and wine in the 
taverns, coffee and chocolate became the preferred drinks of merchants congregating 
st urban coffeehouses to learn the latest commercial news. Tea - drunk with coplous 
mounts of sugar became the focal point of «new female-contralled area of 
respectability and sociability if sugar eroded teeth, the tea may have had certain 
‘medicinal benefits. In short the mew groceries” brought to Europe by an impertal 
commerce would reconfigure the shape and quality of everyday if, and they would 
unleash new demands for households goods that would be met by expanding 
manufacturing enterprises” 

‘Thetradein “new groceries" brings ws back to winners and losersin the early 
modern werld, and fourth central outcome of early madern imperial globaliztion. 
(Over thelong run, the outcome of the early modern period into the nineteenth 
‘century would be the rising dominance not jus of Europe, but of northwest Europe, 
‘most especially Britain. Over the past several decades, among the various debates 
surrounding ita’ se to commercial and industrial dominance there hasbeen 
something ofa struggle between those who argue that Britains risecan be explained 
‘as an autonomous phenomenon, ending at the water's age of an island nation, and 
‘hose who se the ise of fritain, and theriseof Europe more broadly, as grounded 
{intercontinental trade and empire building °° Certainly, there are particular 
features unique to Britain 1 relatively open society, constitutional protections of 
rights and capital, and useful endowment of paleo-energy inthe form of coal—that 


_gv long way toward explaining its sudden emergence a the end ofthe seventeenth 
‘entury$" But an emerging iteraturehas established quite decisively that access 
‘tothe Atlantic and direct participation in empire building were fundamental 

‘tw economic growth and development in theealy modern era As measured by 
urbanization and by rough estimates of GNP, the Atlantic trading and empire- 
bullding nations - Portugal, Spain, France, the Netherlands, and Britain grew more 
‘rapidly asa group than other European countries. aly’ fll from late medieval 
‘dominance is particularly notable; having thrived as the intermediary entrepdt in 
the eastern trade through Islamic lands, the north Italian commercial cities were 
‘cutoff from the new Atlantic trade by Spain's contro ofthe Strat of Gibraltar. And if 
Portugal and Span led early modern empire building, sucess in wa also mattered. 
“Their lending postion was quickly surpassed after defeat by the Dutch, who in turn 
ave way tothe English? 


‘The Little Ice Age, New World Depopulation, 
and the Origins of the African Slave Trade 


‘This entire sweep of global transformation unfolded inthe context of climate 
conditions not sen since the end of the Bronze Age, and that may have been the most 
severe since the Younger Dryas. The Little Ice Age certainly didnot cause the rite of 
the carly modern empires, bt it certainly shaped and channeled the course of events 
Inthese centuries. Before we examine its impact, we need briefly to chart itscourse. 


‘As wehave sen in the previous chapter, the roots ofthe Little Ie Age and the 
‘dynamics ofits cours ie in a complex interaction of declines in slar output, 
sequences of vleanic eruptions, and atmospheric and oceanic circulation. The 
erratically warm and rainy summers of the fourteenth-century North Atlantic (a 
‘proto-LA", shaped both the European Great Famine andthe spread ofthe bubonic 
Plague, which requires warmth forts propagation. On the other side of the worl, 
the fading ofthe medieval La Nia and the reaserton of highly variable ENSO 
regime in the Pacific shaped dectining summer monsoons in Asia, peaking first inthe 
“thmer* drought of roughly 1350-70 that undermined medieval kingdoms in South 
snd Southeast Asa. The fire phate ofthe Lit ce Age proper, what will cll“LIA1," 
started abruptly at 1400, with the storms shifting from summerto winter, marked 
‘by the sea salt and potassium inthe Grenland ice cores (indicators ofthe fourth 
Holocene millennial Siberian High), evidence of ce rafting and ofthe weakening of 
the thermobaline pump (se Figure 4a, 11.7) 

After the Pacific ENSO shifted towards stronger E iGo state for eacons as yet 
unexplained, the South Asian summer monsoon sems tshave improved during 
the fifteenth and siteenth centuries, fnot without certain setbacks It is posible 
‘hat this elie was shaped by the moderation ofthe Sporer solar minimum, which 
‘peaked around 1470 and then modersted to 1600. However, around 1560, elabal 


‘conditions seem tohave turned sharply worse through 1700, and canbe called 
“LIAI" The tberian High, strong since 1400, remained strong untila few final 
winter blasts in the esi eighteenth century, while northern summer temperatures 
dropped decisively around 1560. Around the Indo-Pacific regions, the ENSO aystem 
held toa trong El Nie state during the seventeenth century, while winter and 
summer monsoons in China and India deteriorated to their worst readingsin what 
Is called the "Ming drought” ofthe 1630s and 1640s. These decades uw particularly 
strong volcanic eruptions followed by the advancing Maunder solar minimum the 
‘most intense since thefnal years ofthe preclasical Hallstatt, which peaked during 
‘the 16905. This sharp “ice age” cooling drove the Intertropical Convergence Zoneto 
the furthest southern postion that tha taken since the Younger Dryas. twas in 
thiscontext that atmospheric CO, dropped from about 282 ppm to about 278 ppm: 
‘ot much it might seem, but striking in light ofits ong and very slow rise over the 
Holocene, and ts explosive rise since 1750, 

Lite Age climates shaped the conditions in which the indigenous peoples 
‘ofthe New World rst encountered European explorers and settles, and rise 
‘complicated questions about reciprocal effects and causes. Megadroughts continued 
toaffict North America and Mexico, peaking in the Misseipp! Valley from the 13508 
tothe 13804, the 1450, and 1560s, the worst of which were far more extreme than 
any in recent centuries (ee Figure Sb). These itl ce Age droughts, in which 
crops nufered and food was scarce, clearly put New World peoples ata disadvantage 
wen they frst encountered European explores Twenty years of drought inthe 
Valley of Mexico in the mi-1400s seriously affected the Aztec, and northern Mexico 
was ruffering another twenty-year drought when Cortes arrive in 1519, Similarly, 
the fist Spanish and English incursions along the James River in Virginia in 1570, 
1545, and 1607 took place during three serious droughts in the Tidewater region, 
accelerating the trajectory towand conflict and violence"? Recently the epidemic 
‘mass death of the native peoples of Mexico/has been attributed in parttothe effect of 
the sateenth-century American megadrought: the hemorchagic coco fevers that 
led as many as 15 milion Mexicans between 1545 and the 1570s, itis argued, had 
‘heir origins in ardent virus that intensified during drought years and spread with 
‘multiplying rodents in yeas of increased rainfall The same mechanism, this team 
proposes, explains a possible massive decline of Mayan and Mexican populations at 
‘theend of the classic period between 800 and 950, when Mexico and Central America 
‘ware struck by previous massive drought 

Ifthe Lite Ie Age may have contributed tothe mass death ofntive Americans, 
‘hase mass deaths may in tun have contributed tothe intensity ofthe Little ce 
‘Age. Such is theargument advanced by Wiliam Ruddiman Piqued by astudent’s 
‘question about the ite ripples in atmospheric CO, between roughly AD 300 and 
AD 1800, Ruddiman bolly proposed in 2003 that they were the result of mass 
death by epidemic disease. The argument hinges on cazbon drawdown: as epiemice 
‘elled huge populations, he argues, theregrown forest cover absorbed enough COs 


‘whavean effect on its level in the atmosphere, and in facton global imate. Thus 
‘he proposed that three massive di-of-the results of the ancient plagues, th Hack 
Death, and the New World epidemics had respectively caucedthe Dark Ages and 
‘the ite lee Age. The primary evidence fortis pandemic-driven cooling srgument 
Has in CO, measurements from Antarctic ce cores, which wobble between -282 ppm. 
1nd ~275 ppm between AD 200 and AD 1800, Many climate scientists se these CO; 
declines as oceanic responses driven by natural forcings of solar minima and global 
‘temperature. 

‘Theres no definitive resolution to this debate yet-Ruddiman has defended his 
arguments, and a number of younger scientists are testing his models: The state 
ofthe debate varies with each of the three pandemic epochs. The argument fr the 
ancient world i the most tenuous, hnging onthe evidence of six questionaby dated 
CO, readings stretching across 600 years also seems problematic given that s0 
‘many of these epidemic deaths took place inthe semiarid Mediterranean crcult and 
‘Southwest Asia, where reforestation sufficient to draw down carbon in suficient 
volume to affect global balances is questionable. More and better date ice core CO 
readings are available forthe era ofthe Black Death, but when they are average the 
‘medieval CO decine i long and moderate, and seems to start around 1200, not 
1350 (ee Figure1V.). Possibly as Ruddiman has argued, the tirteenth-century 
C0; decline might have been a result ofthe disastrous depopulation of Cina with 
the Mongol nvasions. Aga, there are questions of whether enough agricultural 
land was abandoned and sufficenty refoested after the Black Deathtoachieve a 
significant carbon drawdown. ln Europe, much ofthe depopulated lands were kept 
deforested by the expansion of grazing of cattle and especially sheep significant 
post-Mongot reforestation of dry north China seems equally unlialy.*¢ 

But the evidence forthe CO, impact of the New World epidemics s much stronger, 
‘The combined CO, data shows a sharp drop between 1550 and 1650, exactly when. 
the New World death tolls were at ther highest (ee Figure V1). Herethe Mexican 
‘acl epidemics, which took place in the mor arid highlands, were probably lest 
Important than the mass death inthe lowland regions stretching from southern 
‘Mexico to Columbia Peru, andthe Amazon basin, where modern deforestation it 
uncovering the remains of unknown complex societies Siateenth-century forest 
regrowth potentially would have consumed an enormous volume of arbon: a recent 
and very convincing analysis compares new archaeological evidence fora sharp 
reduction in biomass burning in the tropical Americas with the volume of reforested 
temperate and tropical forest that would have been produced by tens of milion 
‘of eats. finds that Ruddémants thesis har considerable merit” The willbe 
hot debatein the coming years, but the weight ofthe evidence at present suggests 
‘thatthe sudden dssppearance oft lear three-quarters ofthe native peoples of 
‘the Americas during the sitenth and seventeenth centuries made significant 
‘contribution to the intensity ofthe second stageof the Litilce Age 


‘The ittle Ie Age played an equally harrowing mein the advance of the live 
‘ade in werter Africa, and the onset of slow decline of population in the general 
sub-Saharan region Since the Mid Holocene transition, African climater had been 
‘dry and variable, governed in western Aftica by advances ofeald temperatures in 
‘the North Atlantic andthe srscciated ebb and flow of the Intertropical Convergence 
Zone, Historical and paleoecologicl studies concur that the climate ofthe Sahel 
and savannah region running from the Niger tothe Atlantic was generally quite 
‘ry during and following the Medieval Climate Anomaly.s® The effect wasto 

shift the boundaries between desert, Sahel, and woodland-forest regions tothe 
south, and to push the range ofthe estockiling tsetse fy tothe south aswell 
"Nomadic peoples, dependent on camels, horses, and Zebu cattle, spread through 
this expanded Suhel territory, andby the thirteenth century had founded islamic 
‘empires controlling the trade in gold and slaves across the Sahara with large forces of 
‘mounted warriors. In one influential reconstruction, the interior Mal and Songhay 
‘empires Nourished until wet ry oscillations nthe sixteenth century moved the 
tuetse ly boundary north, and opened new routes through the Sahara, along whch a 
Moroccan army marched in 1590-1 to sack Timbukt From at east the 1630s ifnot 
befor, West Africa was subjected to increasingly dry conditions, a manifestation of, 
the second stage ofthe Litt ee Age, bringing severe droughts and famines during 
the 1640s nd 16804? To the south in west central Afica Angola), droughts have 
been documented from thelat sixteenth century forward. Here droughts drove, 
‘movernent in and out of enslavement, with the fair ofthe rains forcing people 
{nr marginal areas to acept subordination tobetter-endowed lineages in temporary 
slaverytheir descendants would extablish ther own villages when conditions 
Improved.®? 

‘Aerie of forces coalesced inthe sateenth to seventeenth centuries the 
‘variability of Little ce Age climates helped to splinter the great West African states 
sand to drive larger numbers in growing populations into lavery, exact atthe 
‘moment that Europeans, led by the Portuguese arrived on Wert Afican coast. 
From the 1510, Aftican peoples were siphoned off into the Atlantic labor system, 
frst to Atlantic islands and then to Bra the Caribbean, and eventually North 
‘America The slave trade grew to monstrous proportions and swept up as many as 
‘28 million people, who were transported tothe Americas, the slamic word, and 
regional African destinations or who ded in these forced migrations! Between 
1519 and 1650, characterized asa wetter period in the West African Sahel but dryin 
Angola, about 3,500 slaves were transporte per year, two-thirds from Angola. But 
after 1650, when the ful drought impacts ofthe Little ce Agestruck the Subel, the 
save trade expanded enormously, tripling by 1675 and doubling again by 1700. 
Certainly climate di not drive the rice of the slave trade, but it st the conditions, 
encouraging therise of small waring states and increasing the general stresson. 
‘the population with crop flue and famine After growing until roughly 1600 ata 
‘ate comparable to the population of Europe, sub-Saharan population began along, 


‘decline that was not reversed until after the end of the savetradein the nineteenth 
‘entury Noone has attempted to calculate the CO, impactof this deline. 


‘The Little Ice Age and Early Modern Eurasia 


‘The tele Age, as our most recent Hallstatt millennial solar minimum, isa 
fundamental dimension ofthe complex final passage of the early modern era, 
we are defining it here as spanning from 1350 to 1700. From the 1560s 0 1700, 
‘soba climate was shaped by a sequence ofcold summer and winters, and ld World 
populations suffered severly, i nothing lke Adam Smith's “dreadful misfortunes" 
‘hat had been falling upon New World peoples since the turn ofthe sixteenth 
century, The Old World seventeenth-century criss, however, is best compared to 
the pervasive crises that asslle Late Bronze Age societies around 1200 BC or Late 
"Neolithie/Chaleolithic societies during the fourth millennium BC. The consequences 
‘ofclimaticstrexs were powerfully manifested across Eurasia ** 


Early Lite lee Age climates may have been background context forthe launching 
ot early modern explorations and empires but they certainty shaped the sudden 
retrenchment of one great global effort. Dynastic ambition, religious conviction, and 
calculations of geopolitical and economic advantage mobilized the European voyages 
that set out to discover and.control new routes tothe Inder. But when the Portuguese 
arrived on the Malabar Const of fndia in 1498, they had entered an oceanic arena into 
Wich China had ventured fist, almost century previously, during an interval of 
lmperial expansion briefly permitted by the ebb and low of the East Asian monsoon 
systems, 

From the tine ofthe Bronze Age as we have seen, Chinese ragimes were subject to 
the relativly regular oscillation of the summer and winter monsoons. Most recently, 
Aroughts and famine in the 1350s had contributed tothe Red Turban Rebellions 
‘thathad undermined the Mongol Yuan dynasty and ushered inthe Ming Serious 
Aroughts caused by te allreof the surnmer monsoon inthe advancing Little ee 
‘Age Timothy rock as labeled them China's Nine Slough" - would intensify 
luni the mid-seventeenth century, when the Ming tse collapsed, and wasn turn 
raplaced by the Manchu Qing * But the Ming persevered and endured for almost 
three centuries, and their success was manifested in both the mobilization and. 
abandonment of great voyages of exploration inthe early fifteenth century. 

‘Throughout the Middle Ages, avast rade diaspora of Chinese merchants in 
‘Southeast Asia and India inked the Chinese economy tothe West, andintheeatly 
‘fteenth century, the Ming emperor sent huge naval squadrons out into the Indian 
(Ocean. These were the seven voyages of Admiral eng He, which ook ees of 
dozens of Chinese naval veccels in vast circuit ofthe Indian Ocean a fara east 
Africa and Aden, including extensive trade and tributary missions in Southeast Asia 
and India. The ist six of these voyages took place between 1405 and 1422, andthe 


final voyage, which reached the Rad Sea and the East Afican Coss, lasted from 1430 
to 1433, These expeditions were driven by the vision of Ming Emperor Yung-Lo,as 
‘artof a policy of expansion and conquest that spread Chinese power into Mongolia, 
Central Aca, and Viemam. The opening of Yung-Lo reign in 1402, however, started 
just asa thlety-ive-year period of bountiful summer monsoons was comingtoan 
‘end and the fist stage of the itl Ice Age was beginning, withthe onset ofthe 
‘millenia siberian High. By thetime of his death in 1424, theconsequences were 
‘bepinning tobe fel in the beginnings of thirty years of drought across Ching, with 
‘even more severe conditions in Mongolia (se Figure Il Se) The result would be 
several decades of regional famines, rebellions, and Mongol incursions. In the face of 
these conditions, Yung-Lo' successors were more concerned with stabilizing thelr 
‘domain, Court politics rove the end ofthe voyage, a priorities tured to famine 
relief and defending agains raiding Mongols, whoin 1449 defeated a Chinese army 
and nearly plundered the new capital t Bejing. The Ming turned their attention to 
‘defending the realm: building the Great Wall would take priority over statedirected 
‘contact and trade withthe outside world ® 


‘Thefact thatthe Ming regime survive between 1440 and 1520, the worst climate 
‘conditions in four centuries, was, in part, testimony to the internal divisions among 
the Stongols, who might well have toppled a weaker dynasty. But it was also 
testimony to genuine efforts the Ming emperors made to attend othe welfare ofthe 
people, whether by ratn-making rituals -apparentty effective ln 1370 or aggresive 
policies of frontier settlement and famine relief Rebuslding the Grand Canal eased 
the shipment of grain between north and south ts opening in 1415 undermined 
the need fora naval force in the South China Sea sporadically beset by irate ets, 
“The rerut ofthe Ming administration was massive population growth which might 
hhave reached 200 milion by 1600.7 But by 1600, these efforts were fling because 
of factional court politics, n the face of a combined falure ofthe summer monsoon 
and an advance f the dry winter monsoon unseen for more than 600 years. This 
‘was the East Asian manifestation ofthe cold winters and summers ofthe Lite 

Ice Ages second stage: as they both peaked during the 1630sand the 1640s, after 
decades of drought, famine epidemic, nd rebelion, the Ming colapsed, andthe 
‘Manchu Manchurian inheritors of the wider steppe tradition -swept to power. The 
succeeding Manchu Qing dynasty immediately nunched programs to stabilize and 
Improve conditions around the country, and wat ableto generat famine eliefona 
ruficient scale to the end ofthe next contury.®® 


‘Such was Chinas experience ofa wider seventeenth-century crisis Ironically, 
its lose neighbor, Japan, managed to avoid the calamity that struck thelength of 
Eurasia, Trade with China had been one of the factors behind Japan's slow population 
‘owth until the early modern period Rather than taking hold permanently and 
‘building routine immunities, disease lowed ints Japan sporadically hiting non- 
[immune populations But after centuries of stagnation and slow growth Japanese 
population shot up during the seventeenth century and Tokagawa trade restrictione 


are seen as playing a hey role But if politica isolation helped Japan population grow, 
the cooler temperatures ofthe Little ce Age may have played a roles well Asami 
Saito has extended the count of famines in Japan back to the seventh century, nd 
‘finds that famines declined slowly from the thirteenth century, perhaps shaping the 
low growth of population that followed But there war a sharp reduction in famines 
from the middle ofthe sixteenth century forward, and here climate may have played 
‘key role Rice crops require a wet spring, and spring droughts contribute decisively 
‘totheir failure. Thus the relatively warm temperatures—and dry springs running 
‘acketo the ninth century andthe Medieval Cimate Anomaly probably explain 

the regular famines of elan and medieval Japan. The cooling ofthe ite Ice Age 
sand a declining numberof summer droughts ~ reducing crop failure and famine ~ 
‘may have worked in combination with Tokugawa state policy to drive up Japanese 
‘numbers inthe seventeenth century.®™ 

Japan avoided a seventeenth century criss, the rest of Eurasia led by Ming 
‘China didnot. European historians have debated the dea ofa eventeenth-century 
‘ris for ity years and, if some are tncined toward skepticism, the evidence s 
‘more than clear® Between the 1550s and roughly 1700, the length of Eurasia was 
wracked by war, rebeltion revolution, famine, and epidemic, anit increasingly 
‘lear thatthe 2,300-year Hallstatt -<ycle millennial Siberian High -the most recent 
{naseries running dep into prehistory - was acritcal force na century or more 
‘ofmisery. This cyle had advanced since the turn ofthe fourteenth century, when 
the seesaw ofthe Indo-Pacific ystem had ited toward stronger E1 No variation 
and dectning Asan summer monsoons. Recent measurements suggest that the 
trajectory of monsoon failure was remarkably similar in northern China and eastern 
Indi, and India course through the ite le Age bears some careful comparison to 
that of China (ge Figure IS, 11.3-1L7), 


‘The withdrawal ofthe Chinese from the Indian Ocean in the 1430 et open 
‘domain of unarmed and relatively peaceful commerce thatthe Portuguete 
assaulted inthe early sixteenth century. But even ifcontolof the seas waslost to 
armed European commerce, the circumstances ofthe Indian subcontinent were 
‘not immediately adversely affected. Europeans wanted Indian spices and textiles, 
tnd they were happy to pay for them with American silver and gold. The result was 
‘Aboom of prosperity that explains the high wages of North Indian artisans inthe 
‘seventeenth century, as they sold their goods into a chain running back to Lisbon 
and London. This trade-based prosperity was abroad background to vilent empire 
‘building and sporadic famine crisis. 

“While the Portuguese were well established inthe southwest coat of India by 
1510, the Mighal descendants of Timur and distantly the Mongol were approaching 
fom the northwest, out ofthe passes from Afghanistan Babur's decisive victories at 
Panipat and Kanua in 1526 and 1527 establishing Mughal power at Agra and Delhi 
‘were fought at the onset ofa sharp summer mansoon failure (perhaps driven by 2 


sharp spike inthe Siberian High). amines reported fr this decade may haveboth 
‘military and limatic causes"! Where Chinese population fll during the collapse of 
‘the Ming in the early seventeenth century, Indias population may have grown slowly 
‘during the seventeenth century”? Timurid Mughal conquest established something 
‘ofa "Paxslamica" across northern India but their warsf conquest continued for 
‘decades and, with massive building projects like the Taj Mahal, were funded through 
avery effective system of taxation that may have extracted the entire surplus from 
‘he peasantry Atthe same time, droughts and famines struck with varying severity 
in the seventeenth century, most intensely with serous monsoon failures inthe 
‘dry Gujarat andthe Deccan at the onset of the “Ming drought” between 1629 and 
1632 and in 1702 to 1704, when millions died and cannibalism was reported there 
were minor but notable rought-driven famines during the 1650s and 1680s? 
Inalltikalthood, prosperity and crisis wera mosaic patchwork in seventeenth 
‘entury India When the Mughal empire began to come under strain during the early 
‘eighteenth century, twas not the result of the monsoon, which generally remained, 
strong until the 1760s, but of mlitary verreach, Hindu resistance, and the growing 
‘power ofthe British East India Company” (see Figure 1.9). 

‘The tele Age struck the Ottoman empire sharply and catastrophically during 
the 1590s. As in previous cold epochs, the cooling of the Lite lee Age drove shift 
Inthe North Atlantic scilation from poitive to negative mode, bringing increasing 
reciptation south intothe Mediterranean and as fr east as Central Asa”? (vee 
Figure i110) But during the 1590s, a combination of forces shape a particularly 
Intense drought in southern Anatolia and into the Levant Ina strange couplet that 
‘choed the previous two Siberian Highs, the NAO negative precipitation seems to 
have been blocka by a strong high over the Baltic a western manifestation ofthe 
‘Siberian High driving col winds south and west. In adition, a sulphur vellfrom 
strong volcanic eruptions in the early 1590 would have affected temperatures 
around the world. The resulting drought, old, and famine drove afiteen-year 
rebelion, and permanently undermined the strength ofthe Ottoman empire." 

Criss should undermine routine health, and in Europ, a ast, we have 
something ofthe evidence necessary fra history of routine health inthe eatly 
‘modern era. Skeletal evidence and military seconds indicate that Western European 
sult statue ol by several centimeters during the stressful ateenth and 
seventeenth centuries (see FiguelL7) More dramatically, particularly in Germany 
snd Central Europe, the criss wat manifested inthe destruction and severe tality 
ofthe Thirty Years War of 1618-48, which was embedded ina longer struggle 
‘between the Protestant peoples ofthe Netherlands against the Catholic Spanish 
Hapsburgs that took place from 1568 to 1648.7" The long-run outcome ofthe crisis 
‘In Europe was to end definitively the leading position ofthe south and tolaunch 
‘northwest Europe -expecilly the Netherlands and England to preeminence ”* In 
‘this process the English Revolution, unfolding in stage during the 1640sand the 
‘ate 1680s, played a central role ukimatey establishing the institutional framework 


‘forthe First Industral evolution. But at ts onset twas merely partofawider array 
‘of violent political criss that encompassed Ming China Rusia, Ottoman Turkey, 
Central Europe, aly, France and the Netherlands, ae wellaallof the British eles 
and the new English colonies on the North American coast. 


‘ck Goldstone and Geoffrey Parker have developed interpretations ofthe 
seventeenth century crisis solidly grounded in ecological circumstances. Focusing 
‘on state crises in China, Turkey, and England, Goldstone put population at the 
‘center of his interpretation. After slow recovery from the Black Death through 
1500, societies across Eurasia experienced dramatic population growth during 
the sinteenth century reaching and exceeding late medieval highs, driving a great 
Inflation of prices, contributing toa failure of state revenues, competition among 
lites, and the eruption of popular ideologies and movements that led to revaltion, 
‘orateast insurgency”? 


‘To this poin, Ihave resisted popalation-drven Malthusian arguments 88 
necessary cause of criss, positing thatthe growth of populations was typically 
sccommodated by "Boserupian” adjustments Goldstone has advanced 
straightforward Mathusian argument fora bottleneck of population and resource, 
because population rose so fast that relatively rig state institutions were simply 
overwhelmed. On the other hand, Parker has decisively altered the equation with 
the ist definitive analysis of the impact ofthe Little fee Age on reventeenth- 
century histories" While he might disagree, nothing in his interpretation precludes 
ements of Goldstone’: analysis. 


ut Parker has established the range and specificity of itl ce Age climate 
lmpact that makes clear that simple endogenous Maltnuslan argument cannot be 
udvanced to explain a civilizational crisis" Certainly populations were growing, 
‘Dut fom the 15505 they were growing inthe fae ofthe cold winters and summers 
ofthe second stage of the Little le Age Most important, Parker documents the ole 
of two casters of volcanic eruptions in the 1630s and early 1640s, intensifying the 
adverse conditions of the early Maunder Minimum across the northern hemisphere 
that shaped the timing of poitial upheaval as well as severe droughts and famines 
‘throughout the northern hemisphere"? Emerging literatures are demonstrating 
that not only grain pices fuctuated with climate, leading to subsistence crises, but 
that ealy modern Europeans found a scapegoat for their troubles in the form afthe 
*weather-making witch” the great witch bunts ofthe erly modern period exactly 
‘racket the second stage ofthe Little Ice Age*? An interpretation ofthe impact of 
abrupt climate change in the previous three epochs of the Millennial Siberian High - 
‘buried in prehistory thousands of years ago must be highly conjectural. But given 
the wealth of etal availble forthe seventeenth century, Darker and Goldstone have 
‘sven ura detailed view into the social and political dynamics ofthe most recent of 
‘these crises 


‘This wara global, ther than a Eurasian crisis however Ithad many dimensions, 
‘but in the wider context of industrious Smithian expansions, the sethacks of the 
Lfte le Agehave tobe st in dynamic relation tothe devastation ofthe impacts 
‘fd World diseases on the New World. And while the great land-based empires 
suffered new reaborne empires were being built One ofthese, the newest, would 
simultaneously if briefly come to dominate the word in both imperial each and 
|new mineral-based economy. The remainder ofthis chapter and much ofthe next 
‘examine this pivotal society. 


Early Modern England in the Age of Empire, the Little 
Ice Age, and the Seventeenth-Century Crisis 


‘Two countries in northern Europe were particularly successflin riding out the 
traumas ofthe Little ce Age and the seventeenth -centuy cris and one would 
‘emerge to dominate the global economy until the end of the nineteenth century. 
‘The Netherlands and England were clearly the seventeenth century leaders in 
the European economy, by virtue of thei agressive purmit of trade and empire 
England was gaining onthe Netherlands by the clove ofthe century, and within 
another century developed into the fist industrial nation. The result of Englands 

1 would bean accelerating, mutating modernity called Schurpeerian growth, 
that would transform the European and North American economies by 1900, 
and transform the entire word during the next century driven by and driving a 
olotal expansion of global populations. nan instant of geological time, pera 
ten to iften generations in human time, humanity would erupt suddenly as an 
Independent force inthe earth system of boephere, georphere, and atmosphere, 
perdously undermining the conditions of its own existence. This isthe tope of my 
fina chapters, but here we need tolook relatively carefully at England’ trajectory 
from the late Middle Ages through the early modern epoch. 

‘The uniqueness ofthis trajectory was certainly not apparent at thetime, and it 
has become less soto recent historians Frevailing over both traditional view of 
‘dramatic economic growth in an earl industrial revolution and a newer view that 
‘es the path toward modernity set in England fom the Middle Ages a revisionist 
economic history launched by Nicholas Crafts and Knick Harley inthe 1980s has 
‘mapped anew understanding with some familiar festures. This synthesis explains 
the shape of change asa slow-bullding “lorescence” ofan advanced organic 
economy acing int the ety nineteenth centr, building upon Boseruplan or 
‘Sithan processes common to advanced state-based economies around the early 
‘modern world Bu it also explains this change in terms ofthe consequences of 
Englands sudden achievement ofa series of entrepreneurial, intellectual, and 
politica breakouts lunching a Schumpeterian fossil fueled machine revolution and. 
‘nev and enduring re-consitution of political economy, These events, unfolding 


Ina short decade between 1688 and 1688, were shaped but not determined by 
Englands success in evading the worstof the seventeenth-century crisis. Their 
impact was also facilitated by England’ sudden succes in controlling the wor 
impacts of crisis mortality. An ongoing debate contests whether fundamentally 
England's breakout depended on unique qualities ofits political and intellectual 
‘culture or its demographic system, or the relatively external contributions of 

‘coal deposit and empire Cleat allof these forces were at work anditis not my 
Inclination or purpose to decide this debate am more comfortable with a synthesis 
perfect storm" interpretation -that ses unique set of conditions coming 
together tolaunch the modern world in early modern England ** 

Englands passage through the century or so following the Black Death was not 
‘particularly auspicious lminch to modernity. Not only was English population 
‘decimated bythe plague itself during the 1350s, butt continued to fall for another 
100 years, an never began to recover until after 1500, when most of continental 
Europe already had turmed the come: the most recent calculation i ight, English 
population peakad a 5.9 milion in 1325, fll to about 5 million after the Great 
Famine, and then again to 3.4 milion after the Pague, before reaching a flor of 
roughly 24 milion during the 1440s, where it stayed until the beginning of « 
population boom atthe beginning ofthe sixteenth century*® (se Figure V2) 

‘Why population continued to fall and then stayed so low so long. and how 
‘the late medieval economy shaped this conjuncture, a mater of some debate. 
ne infuential arguments that the English people shifted toa “low pressure” 
‘demographic system following the Black Death, featuring low mortality balanced 
bylow fertiity. The relatively high wages that the plague survivors could command, 
‘his model contends, contributed toa higher standard of living that encouraged 
the restraints of the preventive check, love fertility A higher per capita wealth led to 
higher demands fora range of domestic product and services, leading to women. 
boing drawn into the workforce as artisans and servants thus contributing tthe 
ectinein fertility.” The data onthe export of raw wool and cloth frm the 13405 
suggests the shape ofthis economy. Cloth exports were low lative to raw wool in 
the mid-fourteenth century, but the ratio reversed by 1400, snot before, with cloth 
exports in 1400 perhaps ten times their level in 1350. The late fourteenth-century 
expansion collapsed during the ftenth century, asthe wool trade paced. a wider rise 
and then the stagnation ofthe post-lague economy Par ofthis economic collapse 
Is attributed to thelack of supply of silver money, which had by 1400 severely 
diminished act was spentin the East in a surge of demand for spces and silks, 
and as European mining declined. These money supply issues would be addressed 
‘when European mining was recommenced ona grand sale inthe 1460s, so0ntobe 
augmented by the flaw of slvr from the New World ** 


‘Asmuch as the money supply was factor inthis economic stagnation, however, 
000 was ongoing mortality. Apparenty, continental Europe in aggregate recovered 


its population loss by 1500, But epidemics struck England recurrently after 1350: 
{in 1379-83, 1989-93, 1405-7, 1433-2, andthe 1450s through the 1470s, followed 
boyafinal sxteenth-century crisis in 1556-7. f wager were high in post Plague 
England shrinking population clearly undermined the economic expansion. 
Depopulation spurred the enclosure movement, in which farmland was consolidated 
Into pasturage forthe sheep that provided the wool forthe textile trades" These 
‘epidemics were of sucha scale and frequency that it seems imporsiblethat they 
‘ould have ben accompanied by low fetlty: thas it appears more Hkely that 2 
high-pressure system pertained throughout the post-Plague period high mortality 
‘presumably matched by high fertility fertility perhaps constrained by the 
sporadically hard times uring the fifteenth century. It seems entirely ly that 
‘epidemics were followed by surges in marriages and births, as David Herlihy found 
‘tobe the cate in post Plague Tuscany?°As important, these ongoing epidemics were 
loely associated with the Hundred Years War andthe War ofthe Rote, expensive 
foreign and civil wars that extracted men and taxes and spread disease 


‘The situation changed quite rapidly uring the early sixteenth century, in both 
‘population and economy. From its fifteenth century lor of 2¢ milion, population 
ew to 3 milion by 1550, tomore than million by 1600, and t§.3 milion by 
1650, The textile export trade boomed through the 1550s, when It staggered and 
then struggle to recover for the rest ofthe century, as export merchants dgplaced 
the tallan merchants in markets in Turkey and beyond, and Protestant refugees 
from France introduced a range of new technologies. ron production, ss measured 
‘bythe number of bast furnaces, exploded during the sixteenth century, ring from 
‘thandfulof sites to more than eighty?! On the other hand, the sixteenth-century 
owt of population was matched by an inexorable side in wages, asarising tide of 
laboring hands undermined the bargaining portion of labor eee Figure 1V2) By the 
‘nd ofthe century, concerns had risen about the numbers of the “wandering poor.""? 
‘Wy did population begin torise xo rapidly? The estimates of beth and marviage 
rates that begin in the 1540s sugpest that both were falling from entier higher rates, 
‘but they remained quite high What seems to have changed, fundamentally, wasthe 
‘death rate, although it can be measured only indirectly. Gregory Clarks half-decade 
‘estimates of population running back to 1250 suggest that English population wat 
{in decine until roughly 1450 and did not begin torise until the ist decade of the 
slateenth century, under the impact of severe ongoing epidemics. Even if English 
‘population began tose around 1500, was struck by continuing cristemortality 
‘through the years of the influenza epidemic of 1555-7, volatility that some argue 
\sobscured in the sample from which the Wrigley Schofield datas based” But itis 
‘lear that from the 1560s,ifnot before, English population growth was feed ofthe 
‘threat of countrywide epidemics, dectining only in several decades during the ate 
seventeenth century and in final yer of crisis mortalityin 1729. tferisis martaity 
‘id nt totally disappear it clearly stopped determining English demography 
sometime during the sxtzenth century. If English population was slow to recover 


after the Black Death, lagging by a century or more, it grew attwicethe pace of 
‘continental Europe during the sixteenth century ™* 

‘This mid-sixtonth century decine in crisis mortality matks the oneet ofthe fst 
stage ofthe epidemiological transition in England, the “waning of pandemics" As 
such t also marks the beginning of the long-range modem demographic revolution, 
{In which continuing high fertility ina context of falling mortality drives amassive 
population expansion before a alin fertility slows this growth, establishing the 
‘modern dea of a “low-pressure" demographic system. It seems reasonably lear 
that the worst epidemics tapered of atthe endof the fifteenth century, allowing. 
«surge of fertility driven population growth in sxteenth-century England. Here 
‘we should propose some distinctions, however, n scales of mortality What have 
‘been discussing would be calle first-onder cris mortality ~in which epidemics 
spread wide and deep nthe afectedpopalation, and had discernibe effects on total 
‘numbers An enduring second-order crisis mortality would have been mere local 
In its impact, driving deaths higher than births in discrete towns and villages for 
‘year or two, but having no fundamental eect on national numbers. we accept 
the Wrigle-Schofield number, and my extrapolation of Clarks population figures 
to percent gain or las, firstorder mortality prevailed from 1350 to the end ofthe 
Atteenth century, and cropped up again in 1555-7. Over the ellowing century, 
second-order mortality crises certainty occurred, but after the Great London Plague 
of 1665 they would becomea thing of the past. The advance of medical knowledge 
sand public health in the second and thi tages of the epidemiological transition 
‘would suppress an ongoing background mortality gradually during the eighteenth 
and nineteenth centuries. Malthus’ postive checks were disappearing in England in 
the seventeenth century: 


ties not particulary clear why the fist order epidemic stopped around 1500, 
there area numberof good masons why this happened sometime during the 
slateenth contury. Fit, the English state nally began to intervene to ameliorate 
what were, relatively speaking, very backwant conditions of public health. Where 
Nellans had quarantine measure in place fom the 1370s, the frst English mandates 
for pubic health came nly in 1518, aspartof an effort by Henry Vill to emulate 
‘continental Renaissance states These were followed from 1578 by the Plague 
Orders which ame as English counties and towns began toertablih procedures to 
feed -and restrict the movement of the poor that would result inthe Poot Law of 
1601. Food shortage was closely linked with increased disease morality, becausethe 
luck of food not only weakened the poor, but set them in motion, bringing them int 
contact with urban disease pool, Draconian as they were the Foor Laws contrite 
to arising body of governmental regulation and action that slowly restricted the 
reach of epidemic disease and the impact of famine” 

In synergy wit the rie of aneective state in England there were natural forcer 
at work, most important the climatic stages ofthe Little ce Age (see Figure1V2).1F 


‘we compare the estimates of the percent change of English population with those for 
‘northern hemisphere summer temperatures, distinct -ifseemingly paradoxical 
‘lationship emerges Relative tothe cold summers f the second stage of the Little 
Jee Age, summer temperatures before 1500 were quite warm, iferatic Particularly 
striking is that, in the centuries between the 1350sand the 1750s, warm summer 
‘temperatures correlate with dramatically declining population growth, and colder 
summer temperatures often correlate with rising population. The Black Deth 
seems to have struck at the onset ofa century of warm summer conditions, and 

the combination of warm summers- actually warm zutumns and the lingering 
‘plague contributed tothe stagnation of population This was followed by seesaw 
‘ofcoldsummers/population growth and warm summers/populaton declines 
through the 1550s, followed by the cold summer temperatures of Lite Ie Age, 
tnd generally growing populations. From the 1540sto the 1660s crude deat rates 
tnd temperatures varied inverse: na ery clear patter, death mites rose with warm, 
tamperatures and fel with coder temperatures. Such a pattern would flyin the 
face ofthe understandable assumption tha cold summers increased the possiblity 
‘ofharvest failure and foo shortage and thus potentially mortality. Presumably, 
‘more detailed records will show small mortality spikes with very cold summers, 
bu smaller than warm summery, during which the plague returned. Bu the big, 
bile inthis ‘thin great age of epidemics” was the plague, which brewed during 
hot summers a rats and fleas multiplied and then struck nthe autumn months. 
‘Conversely, cold summers would have uppresued the plague "* Thus it would appear 
thatthe cooler summersof the late Little le Age helped to mutigate the worst of late 
‘medieval crisis mortality in England. 


‘The serious impact of cold summers on crops and food production during the 
tte ce Ageis thus hidden behind there aggregate numbers. Bruce Campbell has 
tetablihed the clear impact of climatic conditions on agricultural condition during 
the century anda half following the Black Death Just atthe Great Famine of1315— 
22 was driven by increasingly wet and cold summers, soto crop yields throughout 
the fourteenth and fifteenth centuries folowed the path ofthe advancing Little ce 
‘Age. Conditions were poor during the immediate Black Death years, and for quarter 
‘century following, ameliorating during a“Chaucerian anomaly"fortwenty years 
after 1375, and then deteriorating after 1400, with particularly bad conditions 
‘uring the 1430s-40s and 1470s-80s Paradonically, perhaps, these were not years 
ofrising mortality because after its intial onslaught in 1348-S0, the plague spiked 
“with warmer summers and recaded with colder ones, The improved agriculture of 
the warm Chaucerian anomaly was no match for an endemic bubonic plague”? 


‘Thus epidemic and not famine was the great ile Its apparent that famine 
‘was restricted te particular conterts, nd disappeared earierin England than it id 
nthe continent, where by the measure of adult stature, standards ofliving were 
severely impacted during the ea ofthe Thirty Years‘ War and the itl Ice Age 1° 
‘There was distinct geography of famine in siateenth- and seventeenth-century 


England focusing on regions and districts that didnot grow their own grains, nd 
‘thus were dependent on food imports. Faminesstruckin the upland areas inthe 
north of England, and more generally in aeas that had specialized in sheep raising, 
small-scale inductry, or mining When shortages struck these import-dependent 
‘regions, food prices rose, and the poorest ofthe population suffered, especialy ithe 
Poor Law provisions were badly administered orf daarth-weakened people moved. 
Into urban areas and did of disease But elsewhere in England famines were thing 
‘ofthe past. In aggregate, arisen bread prices is only associated with significant 
‘mortality during the Great Famine period ofthe 1320s, and the inflation of prices 
‘during the latter half ofthe sixteenth century stressful as it was, id not set off mass 
starvation (see Figure V2). The last suggestions of English famine in the nerthern 
‘county of Cumberland ~came in 1648, while famine remained seriousthreaton the 
Continent for another century: 


‘Thus, ifthe cold summers and winters ofthe second stage of the Little lee 
Age shaped a wider “veventeenth-centur crisis" acrost much ofthe Old Worl, 
England escaped the wort of ts material effects. Clearly the structural situation 
was particularly perilous ~ Indeed Malthustan~for England atthe opening ofthe 
seventeenth century. Arising population occupied a small and circumscribed 
territory, and was contending with much colder cimati conditions a dynamic 
‘ofterstoral and climatic circumscription that bears comparison with the 
‘Mesopotamian Lowlands inthe fourth millennium BC. Such should have led to 
Alaster, but ef conscious and effective efforts changed the energy equation Ifthe 
Industral Revolution proper would not be launched until the eighteenth century 
and begin tobe measurable in terms of growth until the early nineteenth century, 
early modern English society engineered a multifaceted “energy revolution” that eft 
le testering on the boundary between an advanced organic economy anda modern 
‘mineral-based, fossil fueled economy. 02 


‘The Seventeenth-Century English Energy Revolution 


An account ofan energy revolution in early modern England might well begin with 
the microclimate of household and person. Thetypical medieval house had been 
an impermanent structure timber frame finished with thatch roofing and wattle 
and daub stick and mud) walls. By the fifteenth century, middling families were 
‘beginning to replace these houses with more permanent construction of stone 
and even brick, anda “great rebuilding” began during the late sixteenth century, 
stretching into the eighteenth century:°* ts tempting tose these stronger, 
‘warmer structures as aesponse tothe winter cold of the Little Ie Age, asit isto see 
‘the growing demand for woolen cloth as similar responce As obviouly, but with 
‘pehaps more portant, the ise of coal asa domestic fuel was acentral part ofthis 
Lite tce Age energy revolution. 


‘Though thas been a matter of some debate it isclear that by the mide 
ofthe siateenth century England was suffering a fuel thortage, Wood warn 
roving demand for construction, for ship building, and to supply the charcoal 
forthe burgeoning numbersof bast furnaces, lassworks, and other hearth- 
‘dependent industries But the particular pressure as revealed in pice war on 
the underwood” used to heat domestic houses, which jumped ahead ofthe general 
‘background of rising prices during the 1540s 1 The price of fuel wood was a 
‘articular problem in the cities, especially London, which grew from atiny 55,000 
{15200 200,000 in 1600, and more than half milion by 1700, the largest city 
in Europe !°* The only thing that allowed such growth in the context ofthe Little 
{ee Age was coal, mined on the northeast English coast and shipped by barge via the 
"North Sea and the Thames River up to London. Coal production and consumption 
‘owe from modest beginnings inthe ealy sixteenth century to milion tons 
ln 1600 and almost 4 milion tons by 1700. Compare to total population, the 
_rowth of coal production appears tobe a slow and steady rise nti the end ofthe 
ineteenth century (see Figure V2). But another picture emerges if we compare it 
‘to the population ofthe cite, where twas primarily burned for household heat 
{and where it probably drove the production ofthe large proportion ofthe output of 
Industral hearths), and to Angus Madison estimates of GNP. Rather than a slow 
tnd steady ise, coal use per urban population and GNP jumps frst between 1550 
to 1600 and then begins to climb again inthe mide to the end ofthe eighteenth 
canary 100 

Energy from coal made a fundamental difference in the se of England’ economy. 
‘The Nethertandshad an arguably more advanced economy atthe turn ofthe 
seventeenth century, but ithad only peat beds as aource of nan-wood fuel, which 
‘produces less than half the heat of coal, andi was producing less than half the raw 
tonnage ofthe English coal works. The result wasa fundamental imitation in scale 
and productivity that as measured by the size and density of cities ifthe Netherlands 
was the mort urbanized country in Europe, England was closing fart, and by 1750 
London was three times the sae of Amaterdam. On apercapita bass, England and 
the Netherlands in 1700 may have been producing an equivalent amount of heat 
from coal and peat respectively, but England had far greater reserves of paleo-heat 
Because London and the satelite provincial ites powered the English economy 
“during the seventeenth and eighteenth centuries, warming the cites wa literally 
<eiving the economy, and this heat was derived from energy that was “fea” 
|Adition tothe organic production of the and surface that had previously been the 
‘fundamental imitation to growth 7 


‘Such organic limitations have been considerably overstated. Increasingly 
historians are arguing thatthe limits ofan organic economy ha rarely been 
reached, and such was certainly the casein seventeenth-century England The 
Little te Age “energy revolution” had an organic as well ara mineraleamponent. 
‘While theres considerable debate over the timing ofan English agricultural 


‘evolution, teem lar that between the late ssteenth and eary nineteenth 
‘centuries agricultural practice and productivity improved in series of tages, in 
‘response to market demands generated by trade and urbanization and driven by 
the capitalist consolidation of holdings in the enclosure movement These efforts 
{involved an ongoing campaign to drain the wet swampy fens of eastern England, 
theuseof increasing amounts of mineral fertilizers, the adoption of turnips and. 
‘lover as fodder crops (the latter also having the virtue of fixing nitrogen nthe soll), 
{gradual improvement of animal breeds, and experimentation with new systems 
‘ferop rotation. An increasing diversification of cops, and growing of more oat, 
hada huge impact onthe sheer volume of animal power the English could bring 
tobear nthe economy, especially for transportation. This crop diversification, 
‘especially the increasing mix of pring with fll-maturing crop, x credited with 
‘laying central role in minimizing the impact of famine n England after the early 
seventeenth century, by contrast with France, where famines persisted for another 
‘century. The most racent quantitative analyses find a distinct break toward higher 
English agricultural productivity after 1600, ina pattern similar to Holland, but in 
‘harp contrast othe restof Europe. t may even bethat by the end ofthe seventeenth 
‘eantury rising lf expectancies contributed to rising productivity as farmers with 
‘longer horizon of return could make long-term tavestments in new, more efficient 
practices These improvements would accelerate againt the end ofthe eghteenth 
‘century, and they involved the destruction of the customary rights of rural 
‘communities bythe rise of new classes of yeoman and gentry farmers Butt would 
appear that these improvements helped to preserve and expand the food supply in 
the face ofthe cold of Little ce Agel as well as the rising populations ofthe ate 
sateenth and then the eighteenth centuries, and were key dimension of England's 
‘broader erly modern ‘energy revolution "°# 


If English agriculture was becoming more productive during the seventeenth 
contury was feding forthe moment -a more slowly growing population. This 
slowing growth was not so much caused by climate change and crisis ast was 
‘response; in Malthusian terms it was a preventive rather than a postive check: 
As populations roce during the ssteunth century, contemporary observers were 
alarmed at the rising numbers of wandering poo. solution was soon found in 
territorial expansion and the transfer of excess population Inthe 1580s, Richard 
HakluytSr and, advisors to Queen Ezabeth, memorialized the crown on the 
‘benefits of planting the “fey” of England's pooron the shores of North America, 
“There they would found anew people withthe aboriginal inhabitants establish 
bulwark against th Spanieh, and become productive citizens of «prospective 
empire, showering wealth upon the realm. This emigration had already started in 
{the 1560s as Bizabeth authorized expeditions to conquer and colonize Ireland. 
English and Scottish coonization in ireland was closely followed by flood of 
‘emigration to the West Ines and the North American coats starting with Virginia 
and Massachusetts, where vas stretches of temperate biome faced them across the 


Alantic, an ecological coincidence that has no parallel elsewhere in the worl, The 
seventeenth-century emigrations from England to Ireland and the New World set off 
| vast expropriation of American biomes, not for the temporary purposes f simple 
‘resource extraction, but forthe transfer and propagation of entire populations 
‘These out-migmations- totaling as many as hala millon people ~contibuted to 
the stagnating of English population growth in the mid-to-late seventeenth century. 
Roughly 400,000 crossed tothe New Worl; others went to Ireland or into military 
‘ornaval service. Two hundred twenty thousand were shipped tothe West Indies 
where they led in great numbers: roughly 175,000 landed on the North American 
‘mainland With the exception ofthe family migration to New England, the 
‘majority ofthese migrants were young men, and thir departure left thousands of 
young women without marital prospects. The result was arising age at marriage 
‘nd a dectining tikelihood of marriage fr young women in England; by the ate 
seventeenth century, roughly a quarter of English women were not marrying, 
‘The result was the decisive onset of moderate pressure demographic system, in 
Which lower mortality was matched by a controlled fertility, driving down gross 
reproductive ates. The result was an overshoot" English population growth 
alled and indeed everied for several decades 1° But in relieving population 
pressures, seventeenth-century emigration released England from the circumscribed 
<onsitions of sand geography, rising population, and deteriorating climate that 
‘marked an especially severe bottleneck during the wider veventeenth-century criss 


‘An organi and mineral energy revolution and an emigration riven release from 
population growth differentiated English circumstances from the rest of Europe, 
Incuding Holland. if societies scrons Eurasia were all experiencing a generalise 
{in population, complexity, and Smithian economic growth, England stood ina 
purticulaty favored position, with new and expanding markets developing from 
‘oth of ts special departures in energy and empire Some of these markets were 
{internal certainly but without the added accelerant of international trade and 
‘extractive empire, internal “water's edge" markets would not have been able to move 
the English economy ahead of thoue of the ext of Europe. Ax Kenneth Pomeran hat 
argued, the combination of coal and colonies gaveEngland adecided advantage.!11 
‘Butte colonies were not simply “ghost acres expanding the simple biomass 
svallabeto the English population. The commodities that came out of thesecolonies, 
and from the wider tropical trade, exerted a frcecf their own, on Europe at arg, 
but particularly England. Obviously England benefited from the profits made from 
reexporting niga, es, coffee, nd tobacco to European markets that had no acces 
‘twthe Atlantic trade. But, as important, these commodities as powerful psycho- 
stimulants acted to reshape the cultural and social milieus in which they were 
‘consumed. Coffee, chocolate, and tobacco al igure in new forms of male sociability, 
Inwhich thenew institution ofthe coffeehouse rapidly emerged during the ate 
seventeenth century, as place of commercial information and exchange. Tes 


‘inking, with liberal applications of sugar, was a central part of wider complex 
‘ofconsumption that drove a reconfiguration of socal space in respectable middling 
households, opening the way tonew forms of female-dominated sociability that 
‘required new investments in domestic goods. Another imperial drink, rum, displaced 
leas the center of another form of sociability. Allof these tropical stimulants could 
not, by themseives, by weigh a bulk commodities, have done that much to reshape 
European economies. But ar stimalants—drugs-they had powerful eects driving, 
‘reshaping ofthe definitions of social ife that in turn drove mounting demand 

for new things. Tis tropical influence extended tothe new cotton textiles coming 
‘rom Indian looms, textiles that added new expectations for clothing ~Including 
forthe frst time underwear that both drove demand and hada postive effect on 
Cleanliness and health. These demands fora rising tide of fashionable new things 
‘were just beginning tobe manifested at the end ofthe seventeenth century and 
{hey Would drive the English economy during the coming century. And the rapidly 
{rowing numbers of people free and slave, inhabiting the imperial domain would 
for time make thelr own significant contribution to this Smithian growth, in thelr 
tring demand fr production by English manufacturing 

‘This dynamic would equir a conslidation of national governance and imperial 
suthority, suchas was under way atthe end of the seventeenth century. The ten 
year between 1688 and 1698 brought a critical transition for the Englith~s000 to 
be British polity tha established constitutional platform upon which the Fst 
Industral Revolution would be but. Overreaching witha demand fora Catholic 
succession tothe English throne, the Stuart monarch James fl was overthrown in 
the Glorious Revolution in 1688, The Dutch Protestant prince Wiliam of Orange was 
_ranteda constitutional monarchy in exchange for recognising the supremacy of 
Parlament. With the monarch limited and an elected government in unambiguous 
control forthe frst time in English history, the way war clear to establish powerful 
Institutions that would be insulated from royal manipulation The Bank f England, 
‘established in 1694, rapidly became the mos effective system of publiccredit in 
Europe, funding the government and the mobilization ofthe naval and military 
forces that ensures British prosperity into the erly twentieth century, and managing 
the flow of capital formation that would eventually fd the Fire Industrial 
Revolution. The Board of Trade emerged as the key governing body forall foreign 
commerce and for the colonies, until the American Revaution 11? 

‘These agencies of empire andthe fiscal mlitary state were matched by a wider 
culture of applied science that wat moving toward a breakthrough to mineral 
‘eled mechanical power. With ts founding by Charles lin 1661, the Royal Society 
‘emerge as focal point of wider experimental science in the seventeenth century, 
{nwhich gentlemen speculators, craftsmen, and entrepreneurial metallurgists 
combined to advancea collective mowledge of physical principles and machinery. 
Science -and politics led back to coal. Start tx policy had placed the burden of 
‘taxation on “hearths” ~ sites of industrial prduction burning wood and coal rather 


‘than land the income stream ofthe landed aristocracy and gentry. One ofthe frst 
‘measures that the new parliament voted in 1689 was to reverse this tax policy, 
shifting the weight of taxation from hearths to land National scl policy ited away 
from an organic, agricultural past toward a minera-based, industrial futue.114 

‘Then, asall-cut war with theFrench drove unprecedented demands for production 
exactly inthe decade ofthe coldest climate of the Maunder Minimum and the entire 
Little le Age- the English economy placed new pressures on the coalfields. These 
had once been open-pit operations, ut increasingly the search for coal required 
‘deep mining, and the mines were beginning to reach the water tableand to flood. In 
sddition, heavy loads ad tobe lifted out of the depths Experiments with vacuum 
[pumps had been carried out since the Renaissance but inthe circle of the Royal 
Society, the efforts of Robert Boyle and Robert Hooke followed by French exile Denis 
Papin, wee carried to commercial succes by Thomas Savery, who patented hit 
steam engine in 1698, and publiciedit ina tract called The Miners riend*** 


Savery'sengine, belching smoke atthe mine heads, was sprimitive monster, 
[pumping water in simple reciprocating action. New and moreefcient engine: 

\would be developed by Thomas Newcomen and James Watt inthe coming century. 
But Saverysengine marked akey moment in Englands energy tevalution the point 
st which fossil fueled mechanial action became a realty The course was st for a 
fonsl-tusled modernity in which vast energy sources drawn from geological time 
would hyper accelerate human economies and inexorably alter global ecologies. 
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11 Global Transformations: Atlantic 
Origins, 1700-1870 


During the thre centuries since Thomas Savery launched his fist steam enging, 
the forces of modernity have spread around the world with increasing power and 
complexity. Like the ripples in a pond spreading from a thrown rock, these forces 
have brought linked constellations of change to peoples acros the entire plane, 
constellations with intelocking economic, demographic, and technological 
dimensions. The fundamental drivers of this process rest inthe trajectory that 
European societies took during the early modern era:the rise of new dynamics 

of trade state power, and empire building the sift toward alowersmortality 
demographic regime; and the consequences ofthe energy revolution that began 
at the end ofthe seventeenth century. The result wasa transition froma world 
Lightly populate by humanity and subject to essentially natural forces toa thickly 
populated word in which those human numbers and thelr economies now are 
Playing an inexorable oe in reshaping nature tae 


‘This history took an instant in geological time, but ithas unfolded in a sequence 
of dacrete processes and events that first unfolded relatively slowly, and then with 
an Increasing and frightening aceleration, in which we an mearure demographic 
‘doublings and atmospheric surge inthe cours ofan incomplete fetime. Thus 
Inthe 260 years between the announcement of Savery'sengine in 1698 and the 
first regular CO, readings on Mauna Loa, Hawai in 1958, when was five years old, 
lal population advanced from 680 milion to 2.9 bilion people, and CO; inthe 
stmosphere grew from Little ice Age low of roughly 278 ppm to 315 ppm. In 1974, 
wen I traveled across Europe and much of Asi, these igures stood at 4 billion 
people and 330 ppm; now, in ate 2013, they stand at 72 bilion people and brushing 
"up against 400 ppm. The methane readings are equally stunning and following the 
‘ezact same trajectory (see Figure V3). Thelast time that CO; stood atthe present 
level in earth history was approximately 15 million years ago during the middle of 
the Miocene epoch, 10 million years before prote-humans began to diverge from the 
higher primates. Modernity has shape an entirely new world, the Anthropocene 
‘epoch. 

-Maiating between the sheer numbers of humanity and te"exhaust" of 
sreenhouse gases, ozone, and toxic pollution stands the global economy, andi 
‘is economic history that gives shape and direction tothe transition of Holocene 
‘to Anthropocene. In this chapter, Ipropotea sketch of thishistory a series 
‘of powerful waves, acaconomic mobilization raced to keep up with and also 


contributed to -the inexorable demands of population growth, and gradually 
began to impose accelerating impacts on the natural sources and sinks ofthe 
‘dynamic earth system These waves of economic transformation aresetin their 
wider ecological context, in the context of both the stage f the epidemiological 
‘transition that progressively reduced regional and then global mortality, andthe 
‘ocal regional, and now global environmental hazards and impacts generated by 
‘those growing populations. To open this account, we need to et the stage by looking 
at the circumstances of global climate asthe worst of the Little le Age tapered of, 
bysketching the basic outlines of population growth, and by framing an estentil 
hypothesis for this chapter: that suddenly Malthus does bein to really mater, as 
‘wemove across the boundary rom premoderity to modernity. Once this model 
Isestablished, we will work through the steps that took us to our contemporary 
"tuation, in this chapter folowing the First Industrial Revlution and ts context 
and consequences through the 1860s, then inthe next two working through the 
‘Second Industrial Bavolution tothe present. 


‘The End of the Little Ice Age and the Beginning 
of Modern Population Growth, 1700-1860s 


‘The opening of our modern era sw a rapid release from the most intente conditions 
ofthe second stage of the Little fe Age. Asan increasingly active sun dissipated 
the Mlaunder Minimum, the cold winter conditions ofthe as Siberian High epoch 
‘drew toan end, closing with three deep cold winters around 1709, 1728, ané 1740, 
‘ach of which brought cris conditions to continental northera Europe! (see Figure 
1ILSa). But then the cold lifted entirely, and the northern hemisphere experienced 

stretch of warm summers and moderate winters unseen since before 1400. These 
temperatures would fall again somewhat inthe final decades of the century, as aast 
snd lesser solar minimum the Dalton Minimum ~ brought final cooling ofthe 
longer Little ee Age that lasted into the 1840s, reflected in final surge of ce rafting 
In the North Atlantic Northern temperatures recovered to almost the eighteenth 
‘century levels fr the next seventy-five years. If we ignore the Dalton Minimum, we 
might be tempted to call the entire period from the 1730s tothe 1920s the*Modern 
Optimum” But generally climate scientists see the Little ee Age continuingin 
formal terms into the erty twentieth century, and one marker was continuing 
turbulence to the ENSO-monsoon belt from the Indian Ocean tothe Andean Pacific 
coasts Receding sharply athe cogs ofthe Maunder Minimum, EI Nifo variation rose 
‘toalate eghteenth century peak, weakened at the opening ofthe Dalton oecilated 
in strength across the nineteenth century, and then rose sharply inthe twentieth? 
(see Fguretit7. 

‘Combined with the rising temperaturein the northern hemispheres since the 
19204, the rising intensities of EL Ni in the ast century lead usintothe evidence 


{forthe Anthropocene,our current condition where global climates have-been 
‘fundamentally altered by human numbers and economic activity Herethe record 
‘ofthetwo key greenhouse gases, CO; and methane, becomes acrtical marker (see 
Figure V3). Reflecting the slow reaction of oceanic atmospheric linkages as well 
advancing deforestation, CO, began to recover from its Little le Age/New World 
‘epidemie-driven decline after 1750, stablined around 1815 at levels slightly higher 
than ts peak in the Medieval Warm Period and then began asharp climb around 
1850 into teritry unseen since the late Pliocene if not before, Methane followed a 
similar slightly more volatile cours, recovering from a ite Ice Age decline by 
1750, but then began a relentless increase that ~like CO; would accelerate sharply 
during the twentieth century. This dramatic rise in greenhouse gaser i only one 
‘dimension ofthe patterns of human-induced climate change that began to buildin 
the ently modern period and~scconting toonerecent analysis-to have significant 
Impacty the early nineteenth century"? 

‘The modern rise of global population tracks the ascent of atmospheric CO, and 
‘methane almost perfectly. This chapter and the next are devoted to exploring the 
origins and development of the intimate relationship between recent climate change 
snd modern population growth. But human population didnot rise inexorably 
throughout the world in one broad advance. Rather, it came in two distinct waves, 
‘marking our modern distinction between developed and developing regions (see 
Figure1V4), 

‘With the beginning of the eighteenth century the consequences of the 
‘eventeenth-contury risks were rapidly mitigate, but the generality ofthe rise of 
‘arly modern populations was somewhat more focused than it had been between 
1400 and 1600, xf 1700, China andthe north latitude societies comprised roughly 
40 percent of global population, cnyslightiy more than their traditional share. 
‘But by the mid-to-late nineteenth century this ancent pattern was broken, and 
‘there populations rurge to comprise oughly 60 percent ofthe global total. China's 
‘population as much as tripled between 1700 nd 1820, plateauing at 412 milion in 
the 1840s. The combined populations of Europe, Rusia, Japan, and North America 
almost quadrupled between 1700 and 1900, reaching the half bilion mark the 
decade before 1900, and comprising abouta third of world population. But China 
fellinta stasis and crise in the mid-nineteenth century, and South Asa al of Afic, 
and Southwest Asia lost ground, dropping from about 45 percent to38 percent ofthe 
‘sloba total Then, during the twentieth century, and especially after 1950, allafthe 
‘broadly mid-latitude and tropical roieties that prior to 1900 had declined relative 
toa temperate north expanded enormously, restoring the general propartions of 
‘premodern global population distributions, but at ten times the total mmbers.on 
‘earth in 1700. 


‘This northern and tropical sequencing of modern population growth reflects 
‘the step-wise unfolding ofthe demographic revolution” ofthe past 300 years ax 


declining mortality and then fertility rove he ballooning of populations around 

‘the world. Traditionally we consider the dynamics ofthis demographic revolution 
Inrelation tothe industrial revolution that bepan to untold firstin England in the 
‘century following Thomas Savey’s invention ofa practical stam engine But the 
‘onset of the industrial evolution itself was surprisingly halting and delayed, and 
‘was forthe most part detached from the eighteenth-century advance of population 
InChina andthe global north. These paral but mostly decoupled circumstances 
‘require x consideration ofthe effect of globalization and empire building onthe 
‘beginning ofboth population growth and human-induced climate change. 

In some measure, ofcourse there was an ongoing relationship between the 
fortunes of population and apparentiy natural climate change. Therelese from the 
Worst ofthe Ltte Ie Age after 1700 certainly contributed tothe surge of northern 
‘Populations. China benefited in particular from a stretch of improving and stable 
warm summer temperatures not sen since before 1400, opulation growth in 
Europe and the new North American settler societies similarly benefited from the 
relative freeiom from crop failure during this eighteenth-century temperature 
‘optimum, Occasionally as nthe hard winters ofthe final Siberian High in 1708, 
1726, and 1740 and the northern coolings set off by the eruption of the Lali Craters 
tn eel in 1743 and Tambora in 1815, northern populations suffered effect that 
‘might have reminded them of the harsher worl of the Lite le Age Inthe summer 
‘of 1788, cold-induced cop flutes may have contributed tothe intent of the 
“Great Fear” that mobilized popular sentiment at the outet ofthe French Revolution 
ln 1789, The frosts and snows ofthe cold nummer of 1816, flowing the Tambors 
‘explosion, brought hardship throughout the northern hemisphere. Commenting 
‘onboth the severity ofthe Dalton Mlnimum and the post-Tambora summer, 
‘minister in mountainous western Massachusetts wrote in 1820 that "the ruccesson 
‘fold summers and unfruitful seasons, ending with 1816, frightened many, who 
fled to the west, dreaming of perpetual sunshine and unfailing plenty™ But these 
‘were traumatic exceptions toa generally benevolent northern climate. The Dalton 
‘Minimum brought the eghteenth-century optimum to an end, and may have played 
aro etalling Napoleons armies before Moscow in 1812 (just aanintensely 
‘old winter stalled Hitler in 1942) But the Dakton was mild relative tothe Maunder 
‘Minimum of moce than acentury before Even ifit played ara in world events, 
climate didnot fundamentally constrain the human eoodition in the northern 
latitudes during the eighteenth and nineteenth centuries 
Conversely, however, the tropical south may have suffered while the temperate 
north prospered. Ifthe worst ofthe itl Ice Age climate ended inthe northern 
‘hemigpere, the ENSO variabty remained strong iferatic A eres of devastating 
‘droughts set off severe famines in indi, beginning in the late 1760s and running 
trough 1825, most notably the 1788-93 Bengal famine A second serie of 
[Nio-drven droughts spanned the ate nineteenth century Both periods saw 
the accelerating expansion of European empiresin the tropics In india, the 


‘ighteenth-century droughts followed the gradual collapse of the Mughal empire, 
‘but contributed to destabilizing cycles of warfare and population movement, and 
‘compounded an agrarian disruption that was already undermining the competitive 
‘vantage of Indian textiles by driving up the price of grain. The devastating famines 
in Bengal accelerated th extension of the British East India Company'reach and the 
Incorporation of indi ntoa Bitch imperial econcmy® (ese Figure ll). 

‘Mike Davis has argued that the lat ninetenth century E1Nio-drven droughts 
snd famines brought 4 further extension of imperial control to India, shaped the 
‘expansion of European empire in Afric, and contributed tothe sequence of crises 
that devastated nineteenth-century China © But in China theres solid ground for 
Invoking Malthus, 


(China prospered perhaps too much during the eighteenth century benefiting 
‘rom the capable governance of the early Qing regime, the climatic optimum, 

sand new American crop. Despite marital system that Limited fertility by both 
‘ca injunction and infanticide, population grew ata pace fr beyond historical 
experience" Populations in the rice growing regions grew beyond capacity and 
respondet both intensively and extensively. Ax Chinese society had done since 
antiquity arising population adapted by intensifying production ina Boseruplan 
or Smithian mode, tn aversion ofthe “industrious revolution’ of increased 
household specialization and effort that was occurring in contemporary Europe.* 
‘The population also responded by expanding into frontier regions and Cental Axia, 
conquering Tibet, Mongolia, and much of Turkestan by the 1750% and 1760s, nan 
expansive exponte not unlie the internal frontier expansion of medieval Europe, 
Russia nto Siberia, or early modern England into Ireland an North Ameria. Han 
migrants moved from the ice-growing lowlands into the lightly populated hill, 
and mountain mgtons, supporting thet expansion by growing New Werld crops 
‘of potatoes and corn. This expansion set off the fst rebellions of the next century, 
asthe indigenous Miao ofthe mountains southwest of Hunan rose in 1798 against 
the “quest peoples” settling among them Over the next sity years these frontier 
stresses, overpopulation, growing poverty, hortility tothe allen Qing Manchus, and 
Aisruptons launched by the penetration of European commerce all fueled rebellion, 
‘exterminating warfare, and epidemic disease In Yunnan, ethnic confrontations 
st mountain mines se off the Muslim Rebellion in 1856, ehich combined with 
‘ruption of bubonic plague out of natural rodent reservoirs eventually this eruption 
‘would build and spread to become the source of the global plagve epidemic ofthe 
{ate 1890s. The Muslim Rebelion was part of «wider series uphenvals-the 
‘White Lotus, Nein, and the Taiping Rebelions ofthe 1850s and 18605-that should 
have brought down the Qing dynasty But with some foreign intervention these 
‘abelions were suppressed with incredible violence, and by 1870 China's population 
‘had dropped from more than 400 million to roughly 360 milion Forty-one years 
ater, the Qing Manche fell and the republic was formed, ending millennia of dynastic 
saat 


Here for what seems to havebeen the fist time in human history, ti clesr that 
ture —in the form of abrupt climate change or vigin sol epidemics played 
‘only a very minor role in great civilizational crisis There may have been climate 
impacts in nineteenth century China from either the Dalton Minimum or ENSO, but 
they were relatively mild compared tothe uteri unprecedented press of human 
‘humbers. The ay factor in China nineteenth-century crisis war amassverice 
In population to levels triple the highest medieval number, nd clearly beyond 
the carrying capacity of even an advanced mult-cropping but essentially organic 
sgricultual economy. I ishere that t seems approprite to invoke traditional 
‘model of Malthusian overpopulation. Thus we may post that the uunch toward 
‘modernity drove the transition from extentaly exogenously driven to endogenously 
rive crise (soe Figure 50), 

‘Behind China eighteenth-century population increase was buffering of 
‘mortality encouraged by an effective imperial rule, the moderation of imate, 
and particularly the adoption of New World crops. Ina metaphor, perhaps, or 
‘our modern condition, a destabilizing globalization permitted Chinas eighteenth- 
‘century release from population constraints and set the stage for aclauscally 
Malthusian criss, Previously, throughout the ancent nd medieval worlds the 
‘ustainabilt of lea population was grounded - for beter or worne in aocal 
tgro-ecology:! The constraints ofthis local organic system were slowly and 
{ncrementaly advanced through Boverupian innovations and coresponding social 
and cultural constraint, New World foods comprised an energy shockto Chinese 


endogenous criss But onthe other hand it seems that ~for the frst time in human 
history this was a crise for which natural forces of abrupt climate change o virgin 
soll epidemic exogenous to niman economies - cannot be invoked as significant 


If China filed to match population growth with intensified Smithian growth, 
running up agains eal Malthusian limits, neighboring japan ust barely squeezed, 
through a similar criss. Japanese population plateaued at 31 milion inthe early 
sighteenth century at very high level, three to four times the numbers in Great 
Britain. With these numbers piled up behind the ocean barrier, without the ghost- 
acreage /ghost energy of ether empire o coal deposits (or even pest) Japan had no 
‘hoice but to make the best possible use of limited natural resources in an organic 
‘economy, Thus there certainly were Malthusian pressures in eighteenth-century 
‘apan, pressures partially reslved through interrupted, delayed, or deferred 
‘marrage, and infanticide, which drastically slowed population growth. A certain 
limited expropriation did ocur, harbinger of twentieth-century projections: 
Japanese foresters, trader, ishermen, and setlers moved north ito the Ain lands 
‘on Hobiaido and the Sakhalin Islands in acolonization not unlike that of Rassiansin 


‘Siberia and French, Dutch, and English in North America. Then there was amazingly 
hha work the term industrious revolution was coined to describe the intensification 
‘of labor in Tokugawa Japan. Organi resources were conserved and put tonew 
efficent uses, suchas the herring ground up for fertilizer; meat protein was replaced 
‘with soy, forests were carefully conserved, fuel was sparingly burned. New World 
species began to contribute to the food supply. As the Japanese intensified their 
efforts to make living na small place, they even managed to rise their GDP, if we 
aetotrust Angus Maddon’ quantification *? 

‘Thus, during the eighteenth century both China and Japan suddenly reached 
human numbers beyond or barely within the limits sustainable by organic 
economies, Such s the fundamental paradox of modernity: an inital escape from 
‘he limits impoved by an organic nature produces human numbers on sucha scale 
that second and third, and fourth steps are require, launching an autocatalytic 
‘ira of technology, mineral energy economies, scientific progress, and human well- 
bing and Promethean or Schumpeterian growth, The resulting modernity ix both 
‘an absolute break from the premodern pas, and an accelerating engine of planetary 
change, 

Population growth was and isa fundamental force nthe modern word in way 
lt was not before, when natural forces clearly had the upper hand. Qing Chia was 
‘not the only society growing extremely rapidly from 1700 othe mid-nineteenth 
century. Chinas growth rate was probably double that ofboth antiquity andthe 
Middle Ages, and it exceeded growth in Europe But Cina’ growth was exceeded 
lightly by that of Great Britain unt 1850, and by that of England and Wales during 
an uninterrupted ascent from the 1730sto the 1820s (see Table 1b) IF Englands 
rate of growth was far surpasted by that ofthe American clonies/United States 
‘between 1700 and 1850, t-like China's - was probably double thatof the High 
[Middle Age, and far exceeded that ofthe ret of Europe” Again, whe to this pnt 
{have avoided Malthasian arpuments of overpopulation, there areas good grounds 
for invoking them for late eighteenth-century England as for China and Japan 
Ith was a Malthusian situation, England responded in anew way, though ata 
slow frst-adopter pace as we shall se, moving away from the intenive Smithian 
‘owt ofthe organi-based industrious revlution (enhanced by imperial each) 
to the sustained Schumpeterian growth ofthe mineral-based industrial revolution 
England had its own safety valve inthe American colonies, which started from 
‘microscopic eter populations to grow by massive frontier expansion, wresting 
an entire continent from American Indian occupants for an explosively expanding 
advanced organic agriculture The twenty-year doubling of American populations 
Inspired Benjamin Franklin in 1750 to write a tract on population andthe Atlantic 
trade that was precursor to Thomas Malthus’ Essay onthe Principe of Population. 
By the 17506, Americans in older and relatively crowded sections of the northeast 
‘coast were shifting toward the intensification of the industrious evolution, and by 


‘the 1830s they started toward what the English ad launched during the 1550s:the 
onrenevable, fossil fuel, mineral-based economy: 

‘Thus we may arguethat mortality decline and population growth during the 
‘eighteenth century launched the modern work and caused rather than was caused by 
‘he industrial revolution + It was globalization of food resources and an expansion 
‘of global agriculture that launched modernity. These procestes also saw the origins 
‘fan icsue particulary sallent to our modern condition: the processes by which 
human action has shaped climate change and global warming. 


‘The Beginnings of the Modern Anthropocene 


‘The human olen forcing climate change was frst proposed a far back as 1896, but 
only rince the late 1980s has its significance been widely appreciated © in pat this 
Was because its most obvious manifestation ~2 global ris in temperature beyond 
thenorms ofthe Holocene - was only then becoming measurable, andithas only 
become undeniable the general public within the past half decade. But the origins 
of climate change and global warming in ts modern manifestation - building onthe 
Wisp of anthropogenic gas emissions that William Rudiman has proposed began in 
‘the Early Bronze Age le inthe expansions of global populations and agriculture that 
began in the eighteenth century. 

‘The analysis ofthese anthropogenic influences on the atmosphere are best 
considered in. framework of climate change rather than simply global warming, 
because human action both warms and cools the earth. The calculation of modern 
‘climate change involves the balance of poritive warming influences and negative 
cooling influences, both natural and human caused. The natural causes are the 
solar and voleanic forcings that we have considered throughout this book: across 
‘most ofthe past three centuries, the warming influence of solar forcing has been 
offtet or negated by the cooling from volcanic sulfate aerosols On the human side, 
‘the changing surface albedo of lands cleared of forests for lumber and agriculture 


‘emits huge amounts of CO,, ae does the annual plowing and harrowing of sll But 
agriculture also contributes huge amounts of methane to the atmosphere ether 
‘from cattle digestive systems or emisions from rice paddies, extentially artifical 
‘wetlands, which are also source of natural methane emissions 7 


Of these greenhouse gases, CO, and methane hit long-term lows during the era 
‘ofthe Little le Age Methane levesin the atmosphere began to climb the 17303, 
and in the 17706 tipped over the highest previous level at about 725 pp (se Figure 
10,3), Presently after 130 years of unprecedented increase, atmospheric methane 
‘now stands at mare than 1,700 pp, higher than it hasbeen for malions of yeas. 
(CO, begun its climb out of the LIA minimums in the 1750s, regained atypical 
Holocene level of 284 ppm just before 1800, and then in the 1840s began its sharp 
<imb toward its contemporary level of 395 » ppm For most ofthe nineteenth 
‘century, the effects of human-produced greenhouse gaseson global temperature 
was small enough tobe offset by the net cooling contributed by voleanc eruptions 
But in sum it would appear that human activity by 1900 might have contributed 
the warming equivalent of one or two tenths af a degre centigrade tothe global 
temperature balance Global temperature has increased 8°C since 1900, and.6°C 
ince the 1970s, of which atleast three-quarters is caused by human action. The 
‘mort recent comprehensive analysis argues that from the early nineteenth century 
“the entire instrumental record fof climate may be contaminated’ by anthropogenic 
Intuencen"® 


Of courte Willam Ruddiman would argue tha this contamination began 5,000 
_years ago, and it isin this pit that we need to consider the fst modern human 
lnvluences on climate. These would come from two sources, the burning of fost 
fuels and land clearance ad farming. As we have seen, England had been burning 
coal for domestic and industrial heat insignificant volumes since the ate sixteenth 
century Certainly there were already some serious local impacts as erly asthe ate 
thirteenth century London was renowned a dirty ty because of heating with 
sulphurouscoal!? 

But England’ CO; emissions might have made upa thousandth of thetotal 
hhuman-derived emissions around the woeid. The vast majority of human greenhouse 
emissions was coming from agriculture ether from CO; or from methane, which 
has a significantly higher warming potential As early as 1700, British CO, emissions 
‘rom coal burning totale slightly less than the CO, derived from foret clearance and 
agriculture in the American colonies, and until 1900, American agricultural and use 
‘emissions dwarfed British cal emissions (se Figure V7). Before roughly the 18306, 
the largest single source of greenhouse emissions was methane rising fom Chinese 
rice paddies. This invisible plume rising and mixing into the global troposphere 
since the Bronze Age, Ruddiman argues, moderated the longer cooling tendencies 
ofthe mid-to-late Holocene. Chinese methane emissions were superseded inthe 
1830 by the aeelerating impact of North American land clearance, which produced 


‘he largest global volume of greenhouse emissions until theend of the nineteenth 
century?° 

‘Whether or not methane hasbeen quite as poten a contributor to global warming 
1s this analysis might suggest, two points stand out First, the origins of modern 
‘imate change were laid down inthe expansion of population and agriculture 
during the eighteenth and nineteenth centuries Agricultural sourcer, whether in 
"North America or China, were far and away the most potent sources of greenhouse 
‘gas emissions until the very end ofthe ninetzenth century, during what isknown as 
the Second Industrial Revolution asthe massive urbanization ofthe United States and 
Europe drove the opening ofthe er of advanced technlogies in which welive, 

Second, the origins ofthe industrial revolution inthe eighteenth and erty 
Ihineteenth century, the subject of one of the most complex iteratures inthe 
historical sipine, was by these quantitative measures not an extremely significant 
source of greenhouse emissions until the 1870sand 1880s. Interestingly this 

assessment comports with that of historians measuring economic growth and 
transformation through the frst half ofthe nineteenth century. This isnot to sty 
‘hat the Fest Industrial Revolution that began to unfold in England inthe eighteenth 
century was inconsequential But lke the Neolithic agricultural revolution, the 
Industral evolution had along, slow tat ina very small place, and ts global impact 
tooktime todevelop. 


Industrial Revolutions 


tthe industrial Revolution was slow to manifest itself in ether CO, emissons or 
Gross National Produc, twas under way. Explaining the transition to sustained 
‘modern economic growth based on accelerating technological innovation what 
Isienown as Schumpeterian growths probably the central question in modern 
‘conomic history. The most satisfactory interpretations cast a wide net, balancing 
‘the ong-term developments of European science and economic development with 
‘the acelerating dynamic ofthe military revolution andthe ise of competing global 
empires have suggested that the cold temperatures of the Little le Age played 
something ofa minor background role, shaping European demands for the domestic 
goods that the early Industrial Revolution would produce Mach more important, 
the waning of crisis mortality and the unprecedented rise of population around 
‘the North Atlantic, literally fed in some degre by New Word foods, set in placea 
driver of demand, But this demand had to bemet with a supply, a supply that broke 
‘ut from the limits ofthe traditional organic economy. A failareof this supply of 
‘manufactured commodities, wages, and, in general, economic growth would indeed 
have eto Malthusian consequences, as occurred in nineteenth-century China 
Indeed even in mach of Europe such Maltiusan pressures were in play through 
‘most of the nineteenth century, a ising populations pushed up against very slow 


‘economic change, forcing a stagnation inthe standard of ving. Thus the fist phases 
‘ofthe Industral Revolution were geographically extremely specific, and can only 
beexplained in terms of perfect storm of flexible culture, protective institutions, 
‘geographic circumscription, available paleo fuels, anda thrust to empire. And even 
England, where this First Industral Revolution was launched, failed to maintain 
‘enough momentum to lead the Second Industrial Revolution that dsely followed, 
and in which weare stil very much enmeshed. 

‘Such considerations require that we addres issues of chronology and space. 

‘The Industrial Revolution began in England in the late eighteenth century and 
then developed in continental Europe, the United States, and East Asia. Daring this 
process, economic leadership shifted from England to Germany and the United 
States, and then toward Japan, and now includes China and india Since the ate 
Ilneteenth century, economic growth has been directly linked to institutionalize 
‘centers of research and innovation and to governmental action, both of which 
have also been instrumental in the advances in pubic health and medicine that 
have driven the sudden and massive decline in mortality that has quadrupled 
world population during the pat century. The result has been an uneven global 
development that x now compounded by an emerging understanding ofthe uneven, 
lmpacts of the global warming ensuing from this economic and demographic 
growth: more severe in the tropical regions that have seen sharp recent population 
_rowth butte per capta economic growth. Thus an interpretation ofthe past 
several centuries must juggle an incomplete spiraling of economic and demographic 
expansion spreading from fading center, esving vast regional inequalities whilst 
‘stabilizes the earth system that has sustained humanity fr millons of yeas. 

How exactly should we describe -and explain ~this brs of economic 
transformation? Description requires achronclogy, and the simplest and most 
suthoritative chronology is wll established 7 Rather than one industrial revelution, 
there have been atleast two, and possily thre. The First industrial Revolution began 
{nthe eighteenth century in England, building onthe foundation of Savery'ssteam 
engine. This was the ea of accelerating innovation inthe mechanization of textile 
spinning and weaving, driven by water and then steam power, of ey innovations 
tn wrought ron production, and the deployment of the exey ral Overtime it 
‘was powered increasingly by the oal-powered steam engine, subject to aconstant 
stream af innovation that after 1800 eto the increasing efficiencies ofthe high- 
pressure engine. The key players inthis rst Industrial Revolution were an armay 
‘of gentlemen of science, entrepreneurs and gifted mechanics fst and foremost 
English, but also French and American. With the rise ofthe Prussian stateinthe 
‘mid-nineteenth century, anew sociology of technological change emerged: the 
‘clentifc laboratory established by atria of mations, corporations, and universities 
‘twaceelerate industrial evelopment through applied science Thus was launched 
the Second Industral Revolution, in which rapid development and deployment of 
sedvancesin steel and chemicals were fundamental tothe construction ofa new 


‘urban infrastructure powered in complex new ways by electricity, ol, andthe 
{internal combustion engine, and to rapid improvements in medical scence that le 
to dramatic reductions in mortality and extensions of ife expectancy. Finally, the 
‘explosive invention, deployment, and improvement of microchip electronics and 
biotechnology since World War Il may comprise 2 Third Industrial Revolution. 

‘This industrial revolutions approach benefits from its chronological simplicity, 
‘butt suffers somewhat from being pechaps overly focused on technology and the 
Inventor asthe drivers of economic growth tn essence it isa technology driven, 
supply-side model Thus Talo wil draw somewhat eclectically from two other 
‘models, developed respectively by capitalist and communist economists Both 
Incorporate the demands of rowing populations in shaping economic change. 

‘Walter Rostow’s classic analysis focused onthe sequence of demands of consuming 
households and national economies in stressing thatthe Industrial Revolution began, 
bysupplying the growing demand for cheap household goods ina "Take-off shifted 
toward the construction of infrastructure with the nineteenth-century construction 
of cities nd raroadsin a “Drive to Maturity," and back to supplying households with 
Increasingly sophisticated consumer durables in an almost utopian “Age of High: 
Mass-Consumption” An even more ambitious approach to describing this 
sccelerating history was broached in the 1920t by Soviet Russian economist Nikolat 
Kondratiev to predict the collapse of capitalism its hy features were taken upby a 
Aecidedty conservative Joseph Schumpeter inthe 1930s, and since elaborated int 
model of “long waves" of economic upewings and downswings, each driven bythe 
|owth of population and demand and shaped by ary technology? Kondratiev and 
Schumpeter modeled four industrial ong waver: a first from the 1760s tothe 18205 
‘centering onthe first stationary steam engines, a second fromthe 18201 tothe 18708 
focusing on the rallros,a third opening inthe 1870s driven by revolutions in steel 
and electricity, and a fourth beginning in the 1920+ marked by the internal 
combustion engine, During the past several decades, speclation has arisen about a 
fifth wave centering on the microchip and computers. fn their moet chronologically 
ambition form, long waves have been traced backto Sung China in thetenth century 
totaly inthe High Middle Ages to early modern long waver dominated by 
Portuguese, Dutch, and English empire building: and finally tothe industrial long 
‘waves Allofthelong waves sharea model in which a sudden augmentation of 
resources, either through commercial advantage imperil expropriation, of 
technological extension, drivesa period of economic expansion thet tapers off-after 
about sixty years-as diminishing returns set in, and the economic expansion falters 
and turns into contraction In particulary, the model ofthe industrial long wave 
Incorporates logic of ising demand pitted agains the platemus of energy efficiency 
that each kay invention can achieve, diminishing returns that are met by clusters of 
technical innovations produced during the depths of the depressions that markthe 
‘end ofeach wave: Vacay Smilin his noted synthesis of lobal energy history, focuses 
on the ‘prime movers" that produce the exponentially growing volume afenergy 


‘resources required in post-agrarian societies: stationary and mobile steam engine, 
steam turbines, internal combustion engines and gas turbines * Amore recent 
literature defines prime movers and innovations that increase the flow-through” 
speed of material processing as"neral purpose technologies" Indeed, we might well 
‘extend the mode ofthe general purpose technology back through time oincude the 
‘control of fire the three stages of stone tool technology, the pottary Kin, writing, 
bronze, ron, and the rotary principle discovered withthe wheel and the hand quer, 
“which led to the basic principles of simple mechanics, the waterwheel, and the 
windmill 


‘Clearly, the inexorable growth of population and demand, particularly a5, 
urbanization multiples that demang for “things” and energy, ia fundamental tothe 
sssumptionsof the lng wave models. However, while the long wave approach is 
promising, and provides a useful structure of description, it has proved dificult to 
pin down its cycles and turning points with great precision ** Thus ti simpler to 
follow Joe Moky's two-stage acount of First Industrial Revolution driven by steam 
nd coal binning in the eighteenth century and running to the 1870s, followed 
bya Second Industrial Revolution driven by steel, ol turbine generated electricity, 
and interlocking complenes of corporate university, and national institutions, But 
slong the way inthe following discussion {wil draw on Rostow, Konératiev, and 
‘Schumpeter to propose how growing, increasingly urban populations put esing 
presrures onthe capactis and efficiencies of technological system, Necetarily 1 
wil map this sketch agai the outlines ofthe global demographic evolution and 
the sudden burst of industrial greenhouse gates that has wo altered our relationship 
with the earth system. 


‘The First Industrial Revolution 


‘The traditional story of the origins ofthe Industrial Revolution begins in England in 
the midle ofthe ighteenth century with a wave of gadgets” suddenly launching a 
wave of prosperity and growth. These inventions began with Thomas Newcomers 
redesign of the Savery steam engine in 1712 and John Kay's lying shuttle, which 
pa up the handloom, in 1753, After Abraham Darby's successful reduction of coal 
Into slow, even-buring coke, a series of technical adjustments led toa dramatic 
Fee in the volume of coal used in various hexrth-based industries. A wave of canal 
‘building cross England provided the cheap transportation necessary to carry 
theheavy los of raw materials and finished products lowing through these 
‘expanding iron furnaces, poteres, and glassworks. The classic period of inventions 
‘came during the 1750s othe 1780s, with Richard Arkwright's"water frame" and 
James Hargreaves’ jenny, combined in Samuel Compton's “mule” to establish the 
‘foundation of el mechanically spun yarn followed by Henry Corts 1784 invention 
ofthe puddler roller, which would fundamentally expand the production of wrought 


tron, a requirement for machine and engine building. The most important ofthese 
‘engines was transformed by James Watts condenser (1769) and double-acting 
‘engine (1782, 1784), which reduced th consumption of coal, and his sun-and-planet 
‘gearing, which achieved steam-powered rotary action rather than areiprocating 
acton—for the frst time. Here fossil fuel technology was applied tothe samerotary 
problem that Irn Age stoneworkers had achieved in replacing the peste grinder 
‘with the hand quern sometime around 600 BC, and Greek mechanics had transferred 
to the waterwheel 300 years ater? 


‘An older, celebratory history has long hailed thes “macroinventions"as delivering 
‘shock tothe English economy, ling it ut of slow, cumulative mithian growth 
Into sustained and rapid Schumpeterian growth ** But the immediate impact was 
‘ot quite so dramatic, despite ts clear long-range significance. A series of measures 
suggests that economic growth in eighteenth-century England was actually 
relatively slow and gradual (see Figure V5), Nicholas Crafts and Knick Harley have 
petsstently and permuasively argued that industrial output grew ata very modest 
pace between 1700 and the 1820s, when it began to climb substantially similar, 
‘Angus Maisons estimate of gros domestic product suggests a very moderate 
Increase during the eighteenth century, with growth coming nthe 1830s. Coal 
tse per capita did not increase dramatically until the 1820s and 18301 a8 well, 
Indicating that England was still operating as an advanced organic economy, if 
‘mineral enhanced. And, mort important, English wages were flat until the end ofthe 
"Napoleonic Wars in 1815, when they began to rise modesty and then more sharply 
afer 1870, Thus ifthe mechanical imentions ofthe British Industrial Revolution 
were launched in the 1760s, there was atlas fty-year delay before the benefite 
began tobe manifested inthe general economy? 


‘There wore few mitigating factors, most important population growth, The 
beginning ofthis First Industrial Revolution was launched inthe context of -and 
‘leaty in response to an extremely rapid increae in population. After roughly 
sighty years of relative stability, the population of England and Wales inthe 1730 
began a course of ninety years of uninterrupted growth, rising atan increasing rte 
from 5.5 million to 12.3 million." Hereit was clear thatthe grip ofcriss mortality 
‘ha been broken tn previous centuries rising temperatures -paradaxicallyhad led 
‘twhigher death rates and falling population, but frm the 1730s forward, English 
population moved completely independently of any climate -deease vector (ste 
Figure 1V.2).The suppression of plague and famine was matched bythe success of 
Inoculation and vaccination for smalipo, which reduced smallpox deaths sharply 
cover the course ofthe mi4o-lateeighteenth century nthe British sles and the 
"American colonies. The variety and quality of food eaten by English working people 
during the ighteenth century also seems tohave improved somewhat Setooa 
general improvement of conditions of simple drainage, public health, and medicine 
manifestations ofa stable goverument and society - contributed tothe growth 

of population Itis worth noting that this was the second of four stage of the 


‘epidemiological transition that would afd up tothe “modern decline in mortality” 
‘The rt had occurred around 1480-1500, the second herein the eighteenth century, 
tnd the third and fourth would follow inthe ate nineteenth and twentieth centuries, 
ss modern science radically extended life expectancy? 


“This inexorable, unstoppable rise in numbers helps explain the paradox of elow 
‘growth in an age of industrial miractes If English wages id not rise, neither di they 
fall Such a fall was the fate of most of Europe, whose recovery ftom the seventeenth 
‘century crisis looks alittle ike that after the Black Death when rising populations 
Jed to falling wages Inefect, England inthe fst ity years ofthe First Industrial 
Revolution was running in place, struggling to meet the economic demands of 
burgeoning population, and further burdened with sequence of wars in North 
‘America and then against Napoleon that require virtually continual national 
‘mobilization, Between 1800 and 1820, the wars with Napoleon, the constraints of 
the rn Laws, and the Dalton Minimum all contributed to an enormous spike in the 
price of brad (see Figure V.2).The impact of allthis on the English worker wa not 
Inconsequentia anna! hours of work increased significantly after 1750. But dy 
Wages didnot fal, something that x seen as triumph in what was stil really only 
‘amineral-enhanced orpanic economy facing a series of countervailing pressures, 
Paradoxically, England was industiaiing without growing”? 

England eghteenth-century population growth began inthe context of early 
proto-manufscturing and a growing empire Population expansion had ts origins 
Inthe 1730s, twenty years before the “ageof industrial gadgete"E A. Wrigley and. 
the Cambridge Schoot have well established tha this growth stemmed as much 
from the advance of fertility as from a decline of mortality. And fertility wat rising 
In particular sors of places. Vilages and districts where the putting out system of 
‘cottage production took hold offered the prospect of household independence to 
‘young men and women without having ta wait for parents todieto inherit rights 
toa farm. Thus young married people locked to these early centers ofhourehold 
‘manufacture took up work, and began to produce larger families than they would 
have ifthey had delayed marrage "If English wages were higher than wages were 
‘onthe Continent, manufacturing spread in regions where wages were relatively 
‘ow and agriculture ha fong been more precarious the northern hill country, 
partculaly Lancashire and Yorkshire The output -and population growth -of the 
lland districts was tied to that of wider wold through the ity of Birmingham. 
[Risnove wall established thatthe export trade to Europe and importanty tothe 
Americas and Africa, took up a critical portion ofthis eaiy manufacturing, Textiles 
and metal wares made their way tothe settler socetieson the American mainland 
‘as wellas tothe slave plantation regions ofthe West Indies and tothesave radeon, 
the Aftican coast. Throughout England and Europe toa lesser degree theimpact of 
‘empire on the economy was felt in the new demands for household goods generated 
‘by the addictive properties of colonial sues, tes, coffee, and tobacco. Buta critical 
part of this demand was generated in the empireitslf to theextent-as Joseph 


Inikori has firmly established ~that the demand for certain varieties of checked 
‘cotton cloth forthe African slave trade stimulated the transition tothe water- 
‘powered mechanization of spinning launched by Arkwright and Hargreaves inthe 
1750sand 176053* 

‘There was thus a direct link between empire and the rise of manufacturing, 
‘broadly a Eric Wiliams proposed seventy years ago in Capitalism and Stavery.# 
‘Wemight also point to wider global questions invalving empire, manufacturing, 
tnd the natural world If we consider elements of the global carbon balance, we 
sce areflection of how the fortunes ofthe Anglo-Atlantic peoples were coming 
at the considerable expense of others. In North America, land clearance for 
tgriculture produced CO, emissions that quickly surpassed those of erly English 
Industraiztion. Conversely, tropical Aftics, where mechanized checked cotton 
‘twtiles bought many ofthe people who labored to clear these American frets, 
was probably a net carbon sink, Estimates ofland use emissions from tropical 
_Atrca between 1850 and 1900, when population was rising slightly, ruggest that 
‘onbalance it was drawing down carbon by a very slight ratio Sub-Saharan Aftican 
populations had been falling ince 1600 under the impact ofthe save trade and 
‘would seer kel that forests and woodlands had been regrowing during this 
period of population decine, steadily absorbing rather than emitting earbon.?7In 
"North America and Mexico, the impact of epidemic disease continued unabated, 
accelerating during the American Revolution, when smallpox spread during the wa, 
leaving inoculated armies and civilians protected, but devastating native peoples at 
the furthest reaches ofthe continent "And onthe other sde ofthe world, the eects 
of E1Nifo drove droughts in Bengal that contributed tothe demise ofthe Indian 
hhandtoom textile industry and the rise the British mechanized textile industry. 


‘Aformative condition in these global proceses clearly was the explosive rat of 
population growth in England starting inthe 1730s, arate of growth that shaped an 
endogenous Malthusian crisis comparable to that in contemporary China England 
‘wold not eufferacrazh, but i wold uffer ast desperately ran in place, searching 
for solutions to shortfals and bottlenecks. There are good reasons tote the spread of 
‘henew textile machinery from the 1760s in the classic understanding as solution 
toatechnological bottleneck, what Thomas Hughes calls “salient,” which war 
limiting the flow of production. The entire history of incremental “*microinvention” 
‘hat followed is tale of inventors and mechanics seking to solve particular 
technical problems inwumerabe frictions toincreace the speed and lower the cost 
‘of production and distribution of goods. Te intial textile inventions stood, however, 
‘as“macroinventions” that bre fom previous paradigms to slvethe pressures of 
Increasing demand “® But ifthe application of these initial technologies was making, 
_adiference fom the 1760 was oo limited to breakthrough tobe veiblein any per 
‘capita measures Infact, while investmentsn canals show no sign of decline, there 
‘was a sharp drop in manufacturing investments during the 1770s, driven by what 
[riney Thomas calls “crucial bottleneck Abraham Darby's coke could beueed to 


praduce pig iron, but not wrought iron. Thereal breakout would not come until after 
series of inventions made thei way into the ironworks frst the Wood brothers’ 
‘crucible system, and then Henry Corts pudaling and rolling system, patented in 
1784, which wilied coke burning and resulted ina faster process anda cheaper 
‘product. This wrought iron, now cheaply avallalein rolled sheets, could be used to 
‘construct steam engine boilers, but the forged iron components ofthe piston engine 
itself would require precision metal grinding cutting lthing, and screw making, 
another bottleneck salient that was broken around 1800 the Maudslay machine 
shop. Much ofthe Cort wrought iron was consumed inthe military an naval 
‘mobilization against Napoleon ** 


‘Another bottleneck involved food. Despite the continuing productivity 
Improvement in English agriculture it was not sufficient to feed the growing 
population, and from the 1760r grain, bute, mest, and livestock began tobe 
Lmported in rising volumes from Ireland, which increasingly began to function as 
England brendbasket. The restrictive British Corn Laws were abolished in 1846, but 
!ttook until the 1850s fr steamship transport from North America and Australia to 
‘move huge amount of gran, fundamentally lowering the cot of fod in Britain, and 
In Europe in general But during the rt decades ofthe nineteenth century, the 
oor in England's growing population faced something approaching asubsirtence 
cries, 

‘This crisis was manifested in a spectrum of domains that all bear on energy. Food 
coats pla from the late 1790s to 1820, and didnot taper of to eighteenth-century 
‘norms until thelate nineteenth century In this content, during wartime and Dalton 
Solar Minimum conditions, England's rate of urbanization climbed tit highest 
levels since the ate sixteenth century, ina bubble of rual-to-urban migration that 
‘peaked betwoen 1800 and 1830, During this burst of urbanization, in 1810and 
1820, British cities actually sufered an "energy defict™the vohumeof total coal 
consumption relative to urban population actually declined before ising steudly 
until the end of the century (see Figure V2). Conditions of housing declined on a 
‘national average, most notoriously inthe new crowded industrial districts. Across 
the rh Sea, the impact of the extraction of food from literally colonial economy 
‘was particulary sever, leading tothe hyper dependence of rich cottagerson avery 
fev varieties of New World potato. The resulting trish Potato Famine was set of 
bya blight of fungus that struck across Europe, but devastated thelrish crop three 
times between 1845 and 1848, Coinciding with wheat and rye failures across Europe 
anda general financial crisis, the Irish famine and subsequent mass emigration cut 
Ireland population by a quarter inlessthan a decade ina subsstencecrisinot seen 
in Europe since the seventeenth century? 

“The full benefit ofthe late ighteenth-century technological eytherie would 
only reach the general economy after 1820, when the Cafts-Harley estimates of 
Industrial output and other measures of industrial investment suddenly surged in 


a burst of growth see Figure V5). But this post-Napoleonic surge inthe economy 
notwithstanding, the bottlenecks of population and resources that shaped this entire 
etiod can be conceived as an energy deficit that bore particularly hard onthe poorest 
half ofthe population. This "deficit hasbeen the subject ofthe “standard of living 
debate” since contemporaries including Kar Marx and Frederick Engel took up the 
‘pen in protest 

By a host of measures the living conditions of itis laboring peoples at bert 
stalled during these opening decades ofthe Fist Industrial Revolution. Real 
‘wages didnot rise until 1820, then increased only very lightly, and did nt grow 
‘consistently until the 1870s # These wages were inadequate to support high- 
fertility families, lending to serous increases of infant mortality in British cites 
‘during the 1830s and 1840s, reflected in higher morality ates inthe cities than in 
the country ata whet” (se Figure IVS). The paltry wage increase inthe 1820s was 
‘more than offet by increased hours at work and the os f leisuretime; and women 
and children were drawn into industrial workto scrabble together the diference.*® 


‘Ault stature ~a direct consequence of general heath and nutrition ~fllowed 
ilar trajectory (se Figures 7,15). Typically in the premodern past, the 
urban-born were shorter than thelr rural counterparts, and the rising urbanization 
‘mapped a concurrent shortening of stature. Reflecting the fact that England vas 
therlchest country in eighteenth-century Europe English adults were taller than 
their continental contemporaries, bu their tature trended lower through time, 
with shorter eights spreading north from London and southeast England by 

1800. Progzessvely shorter adult heights were recorded through the frst halfof 
the nineteenth century, reaching lows in the cohorts born during the 1830sand the 
“hungry 408" The entire peri between 1820 and 1865 is seen as an epoch when 
English working families were unable to “maintain an adequate nutritional star” 
‘An increasing proportion ofthe food calories consumed during these decades — 
particularly by women and children came from raga, which substituted quick 
energy for sustained nutrition, Equally significant, working people were unable to 
‘maintain adequate sanitation in eat nineteenth-century industrial cites. Crowded 
Into ramshackle districts without safe water sources or sewage disposal, or even light 
rai, England’ early industrial workers suffered from rising rates of tuberculosis 
and periaic onslaughts of cholera” 

Lurking behind this “penalty” or “insult” to the health ofthe British working lass 
during the Frnt industrial Revolution was the urban energy deficit the fact that 
steam and coal didnot begin to assumes significant working burden unilthe middle 
ofthe nineteenth century Ifa burs of urbanization bepan after the turn ofthe 
century anda notable increase industrial production began after 1820, the 
effective application ofoal and steam power to industrial work was apparent only 
from the mid-1850s (see Figure IVS; Tables V1, 1V.2).Thelimited role ofcoalin 
British industrial production was particularly evident uring the peakof urban 


‘growth and dectning health and nutrition between the 1820s and the 1840s, when 
‘sprmportionate amount of industrial work stil required severe physical exertion, 
‘notoriously in the manual return action required for spinning mules and in the 
proliferation of child labor. Coal consumption certainly accelerated inion and steel 
‘production during the 1830s, reflecting British investments in rallroads. similar 
acceleration was nat sen in "general manufactures” until the erly 18505 and 1860s, 
‘when anew generation of steam engine technology took hold. Despite their aclaim, 
James Wats engines were not ll that numerous, and of very low horsepower:by 
1800, there were about 490 total, each of about twenty-fivehorsepower. Most ofthe 
‘engines built by Watts and the weaker atmospheric engines built by his competitors 
were stl put to workin mining: mechanized textile spinning was often driven by 
horsepower until the 1790s, when the price of feed for horses increased dramatically 
with the onset ofthe Dalton Minimum, bringing an increasing use of waterpower and 
the ist experiments with steam-driven spinning. Once James Watts’ patent expired 
in 1800, innovation began quickly tomove the steam engine from alow-horsepower, 
low-pressure engine toa high-horsepower, high-pressure engine. The work of 
Richard Trevithick and Arthur Woolf provided the basis forthe fist railroad and, 
steamboat engines However, while steam power advanced in cotton textile 
manufacturing after 1820, was ofthe oder, low-pressure technology. AB ate 
1838, watermill stil provided 20 percent ofthe power in English cotton mils and 
slmost 40 percent in woolen mill, and the high-pressure engines were only 
Introduced inthe 1640s and 1850s. The horsepower of steam engines in textile work 
‘expanded dramatically from the 1850s tothe 1860, with the sudden spread ofthe 
high-pressure engines producing a comparable burst in coal consumption per 
Industral production. By one estimate, water power and steam provided the 
equivalent of eight horsepower per person in 1800, fewer than fourteen in 1830, but 
‘more than seventy in 1870; staam advanced from a quarter ofthe capacity of water 
wer in 1800 to equivalent in 1830 to almost ten times more in 1870.°°Despite this 
‘lear mid-century steam revolution large sectors ofthe British economy remained 
‘unmechanizad uni the end ofthe century, meaning tha the “mative power” in these 
trades was still provided by human muscles, now organize for mats production! 
‘Thesteam engine may have been an emerging technology, but quite clearly it 
\sditiclt tose it as prime mover driving the British economy until the 1850s 
(Certainly coal wasa very significant fuel for domestic heating and industrial 
‘hearths asithad been for mare than 200 years But there was obviously a serious lag 
between the invention ofthe steam engine and its mass application to rotary action. 
Windustril production grew from 1820, i didnot have the benefit of an efficient 
‘prime mover for another twenty to thirty years, and in the meantime, the economy 
‘continued to involve significant “organic” inputs by the working poor, movingin 
‘increasing numbers into English ties since 1800. 


‘Thehistory ofthe early industrial revolution is thus not ane of easy triumph of 
steam and coal, of mechanized, mineral-powered machinery replacing organic and 


‘natural power. [ft marked the key turning point from SmithiantoSchumpeterian| 
‘economic growth, this transition cameat a considerable cost tothe well-being 

‘of English working peoples. The industrial transformation was also, it would 
appear, driven fundamentally by the new trajectory of population growth that 
hhad accompanied the imperil globalization that had begun to unfold after 1492, 
Cle, thelong slow transition tos high-efficiency seam engine shaped 
stressful bottleneck forthe growing English population: fit id not use criss, 
thistechnological lag certainly eft its mark Ite forced transition to urban 
‘manufacturing in England was driven by atrajectory of population expansion its 
‘mid-century stresses had striking parallels inthe Irish Potato Famine the 1857 war 
‘sgainat Bits rule in India, the Chinese Taiping Rebellion and the American Civil 
‘War, traumatic upheavals shaped bythe effects ofa century of globalization driven 
‘Population growth and the imperial movement of commodities"? 

Looking beyond England, tis notable that the industrial revolution moved much 
‘more slowiy onthe Continent, where population growth had been much more 
limited as yot. As of 1851, a8 Britain celebrated its new economy atthe Crystal 
Palace Exhibition in London, the total steam power at work n Britain was probably 
sreater than that in all of continental Europe Reflecting both an ancient connection 
‘between England and the Low Countries and the strategie location of coal anion 
‘ore, Belgium was the rst to develop steam-powered industry, and maintained an 
Industral economic edge per capita until the First World War. France came next, 
following a unique path to industrialization, given the resistance of French peasants 
tomoving ofthe land, and its lack of coal resources. Germany was the fourth ofthe 
Continents early industriatizes, delayed by its complex plitical unification and by 
the enduring impact of seventeenth-and eighteenth-century warfare, Ax of 1850, 
France and Germany had strong economies, as measured by GDP, but had barely 
‘begun to industrialize, as measured by CO; emissions and continued tolag as of 
1870, when they fought the first of thre wars fr preeminence on the Continent and 
{nthe wider global arena. By 1913, Germany had surpassed France in developing a 
‘modern industrial infrastructure, and had surpassed itn population tf anything, 
development in Germany and France was let by rairosd building, which was 
‘wall developed by 1870, Ofcourse the future of industrial growth and industrial 
emissions lay with the United States, which as ofthe mid-nineteenth century ranked, 
somewhere between Belgium and Germany, but would shoot to thelead during the 
final decades ofthe contury:™* 


‘Emissions and Atmosphere, 1800-1880 


“This mid-century context of rapidly expanding coal consumption prompted an 
English economist, Willam Stanley Jevans, to worry about Britan'slong-term_ 
supply ofcoa, in The Coal Question, published in 1865. Ifhe was notte rst to have 


‘these concerns, Jevons's analysis was the formative statement ofa theory of resource 
‘depletion ~ complete with nervous references to Malthusian predictions. He wrote 
‘only three decades before Svante Arthenius a scientist ina relatively pristine Sweden, 
(oehere C0, emissions were ta level last seen in England around 1720) published 
‘hls ist concern in 1896 about the ro of emissions from coal burning in driving 8 
future greenhouse thickening ofthe atmosphere and global warming "But asof the 
18905 ifthey were advancing rapidly industrial emissions were still producing 
Jess CO, than was the reduction of natural landscapes to agriculture. Natural 
landscapes retain vast quantities of carbon in sails and vegetation that are released 
Into the atmosphere through burning decay, and soll respiration when tis cleared 
and plowed for farming Land use emissions of CO; remained higher than industrial 
‘emissions until around 1910, and withthe emissions from methane added tothe 
agricultural CO; emissions, the greenhouse loading of the atmosphere by agriculture 
lone would almost double, and exceeded industrial CO; emissions until around 
1960. 


But if we look closely at the nineteenth century, three sources of land se emissions 
tr obvious (0 Figure1V.7). Flt, the methane emissions from rice production for 
the enormous and growing Chinese market wee the most significant ingle source 
‘of greenhouse gases unti roughly the 1830s Then they were superseded around 
1830by the second emission source: the enormous eruption of CO; emanating from 
the clearing of the forest, prairies and plains in the United States, And third the 
late nineteenth century saw a sudden acceleration of agricultural emissions inthe 
tropic, from Central and South America to Southeast Asia and ina to subtropical 
‘tien, which continued until 1910. 


‘Thus, where Cina had been the long-established source ofthe bulk of agricultural 
_eenhoute emissions, settler operial expansions into the temperate and tropical 
‘iogpheres were powerful new sources of greenhouse emissions over the nineteenth 
‘century. Fora balf century, from roughly 1835 to 1885,1US.land use CO, emissions 
Alone were the single most important source of greenhouse forcing produced in the 
‘lobal economy, peaking around 1880 at 350 million metrictons of CO per yea: It 
‘exceeded the combined industrial emissions ofthe four European industrial leaders 
‘until about 1902, and the total industrial CO; emissions of the United States untila 
feve yeas late, Stunningly, the greenhouse impacts of deforesting the continental 
United States exceeded on apr capita Bare the greenhoute impact of the enormous 
‘wentieth-cenfury industrial emissions. Except fora brief interlude when cotton 
production was dirupted during the Civl Wer, agricultural emissions from 17002 
the 1880s averaged about six and ahalfte seven metric tons ofcarbon per person; 
‘during the twentieth century industrial CO, emissions ranged between fourand 
five and a haf metric tons of carbon per person, withthe exception ofthe Depression 
decadeofthe 19305°° 


‘Tropical emissions expanded in two phases driven by empire and global markets; 
‘the first and longer expansion between 1870 and 1900 started in South and 
Southeart Asa, doubling the annual carbon flux from ~100 milion to- 225 milion, 
‘metric tons;a second short burst focused onthe tropical Americas, almost doubling 
‘gain to 400 million metric tons (see Figure V.7).Smilaty after along nineteenth- 
‘century criss marked by rebelions and foreign intervention, Chins began to recover 
after 1900, ina burst of agricultural expansion that may have doubled its CO; 
‘emissions in litle more than fve years In sum, the topical emissions offset the 
‘declining American emissions after 1850, but the final burst to 1910 put the tropical 
peak at about 550 million metric tons of carbon. This burst of tropical CO, was now 
‘overshadowed by the enormous level of lobal industrial CO, emissions, which hit 
950 milion metric tons just before the First World War. 


‘With the exception of China, the driving force behind the bulk of these rising 
sgricultural emissions lay in expanding global markets. Two processes were at 
work inthe United States In the north from central New Yorkand Pennsylvania 
‘through the Midwest othe trans-Mlsisipp plains, vast stretches were cleared 

for grain agriculture, producing crops of corn and wheat that fe growing cites 

In the east and in Europe, while enormous regions were humbered for urban and 
railroad construction. Tothe south, from the Carolina low country tothe plains 
east Texas, equally vast stretches ofland wee cleared for cotton agriculture. 
‘This crop was cultivated by an enslaved people bound in a vervitude revitalized 
bythe connection of cotton and the new textile mils in the north of England and 
‘New England: this uncompensated labor was yet another devastating casualty of, 
the Schumpeterian transition Because they burned huge quantities of wood, the 
railroads and steamboats that carried both ofthese crops across the continent added 
to the biomasr-derived greenhouse burden of CO; and black soot ** The expansion 
{nthe tropics from the 1870s was driven by the final phase of European empire 
building, as Britain France, Germany, Belgium, and Portugal divided the world 
among them, conquered huge new teritories in Aftica and Southeast Asa, and then 
pressed the monoctop production of cottn, rubber, tas, coffee cocoa, ad bananas, 
and the timbering of valuable tropieal hardwoods. A similar and more dramatic 
expansion took plac in Latin America during the fist decade ofthe twentieth 
century, particularly in Brazil where the Atlantic Coastal Forest was nally destroyed 
Inthe rapid development of coffee agriculture, riven by American and European, 
Investment. These agricultural expansion resulted not only in massive greenhouse 
‘emissions, but in theloss of huge quantities of glacil-temperate soils and tropical 
Interiic ote *® 


‘By 1900, the sum of nineteenth-century agricultural and industialemissions was 
‘beginning to have slight ut discernible impact on atmospheric greenhouse gases, 
‘racking the curve of slabal population increase (see Figure V9). Atmospheric 
‘methane concentrations had risen steadily since the close of Little ce Age conditions 
1 1730, and by 1900 had reached about B65 ppm, almost 20 percent higher than 


‘the Holocene norm of -725 ppm. Following LIA lows, atmospheric CO; had risen to 
Holocene norms of sbout 285 ppm by 1810, and after 1850 began sharp ascent that 
‘Putt at -297 ppm in 1900, According to the most recent modeling analysis, these 
slight changes were forcing alterations in global imate Sorting out the natural 
forcings from the anthropogenic forcings, this team finds evidence for significant 
‘temperature and precipitation changes.In the northern hemisphere, the effect 
‘was oneof cooling particulary inthe northeast and Midwestern United States 
and ina band running from Russia into Siberia, locally enhanced bythe decrease 
In surface albedo and “roughness” caused by deforestation. Amore northern band 
fom Greenland to Britain and Scandinavia was significantly warmer. Around 
the equatorial tropics, the effect was one ofa unified warming. with increased 
recitation inthe ENSO band across the central Pacific and drought inthe 
Caribbean, Inia, andthe Arabian peninsula ®® Thus it would appear a east ikely 
that the sum ofthe increased emissions over the nineteenth century played at 
Jeasta small role in enhancing the E1Nio pattern that developed during the later 
Ineteenth century, and that are seen a causing drought and mass famine in India, 
northern China, and patsof sub-Saharan Africa nthe late 1870s and the 1890s 
‘These £1 Nifo droughts, Mike Davishas argued, combined with European imperial 
trajectories to sat the stage forthe forging of the modern “Third World"®* 

ow fa, then, had a global transformation come by 1870? Very ceary this was 
Just the beginning On the rurface, the changes appear light. In particular, the 
Impact ofthe industrial revolution was deceptively meager. The emissions fom 
‘oth coal-driven manufacturing and transport were certainly having severe ocal 
pollution impacts, but thelr impact on global atmospheric budget isasdiicult to 
‘detect as was thelr contribution tothe well-being of Britis, European, and American 
‘Populations, in broad aggregate. Until the 1830s, the most profound source of 
_Breenhoute gases was the most ancient: methane emissions from rie agriculture, 
Her, however lies the driver ofthe origins of our modern condition: rie methane 
‘emissions were caused by an unprecedented growth in population, one that marked 
‘China ritain and the United States. Here, [would suggest, Mathus actually had it 
right there was indeed an alarming increas in population relative to resources in 
the elghteenth and nineteenth centuries. China grew exponentially and suffered a 
true endogenous Malthusian crisis. eitain used empire, ingenuity, human toil, and 
‘inallya“tree” paleo solar energy to tread water until the end ofthe great eighteenth 
‘century struggle in 1815, and then to begin increase in output and productivity 
{hat by the 1860s was beginning to improve the general well-being ofits people. 
“The most dramatic story was that of the North American colonies that became the 
United States in 1776. Hera vast expanse of open land, dispossessed from its native 
‘occupants, was the means by which Americans excaped Malti and multiplied in 
‘eat number. The literal opening ofthat land, the destruction of ancient forests 
‘and forest sls invisibly released gushers of carbon inta the atmosphere Ifanew 
‘warmer global atmospheric pattern was emerging bythe end ofthe nineteenth 


century, the carbon releused across North Ameria was the single mort significant 
sourceof the greenhouse gases driving this transition. Americans would continueto 
‘playa central role in this transformation during the coming century ®? 


1 Andrew Appleby, “Grain Prices and Subsistence Crises in England and France, 
1590-1740,"JEconH 39 (1979), 865-87; Emmanuel le Roy Ladurie, Histoire humaine 
«et compare du climate Canicales et glaciers Xille-XVe icles (Fayard, 2004), 509 
12, 573-612; Emmanuel e Roy Ladurie, Histoire humaine et compari du climate: 

‘Disetteset Revolutions 1740-1860 (Fayad, 2006), 541-7. 


2See Figure 94 and Josie. Gergis and Anthony M. Fowier,A History of ENSO 
Evens since AD. 1525: Implications for Future Climate Change, ClimCh 92 (2008), 
343-87 


2 Quote from Simon Tet etal, “The Impact of Natural an Anthropogenic Forcings 
‘on Climate and Hydrology since 1550, ClimD>ym 28 (2007), 29, 


‘Ladue, Disettes et Revolutions, 112-22, 143-80; Richard BStother, “The Great Dry 
Fog of 1783,"ClimCh 32 (1996), 78-89;C.S. Witham and C. Oppenbelmer, “Mortality 
ln England during the 1785-4 Laki Craters Eruption” Bulletin of Yuleanolagy 67 
(2005), 15-26; Alan Taylor, ~The Hungry Year: 1789 on the Northern Border of 
Revolutionary America tn Alessa Johns, ed, Dread Vistations: Confronting 
Natural Catastrophe inthe Age ofthe Enlightenment (New York, 1999), 145-81;John. 
Port, The Last Great Subsistence Criss nthe Western World (Baltimore, MD, 1977); 
Chester Dewey, in A History of the County of Bertsir, Masnachusets, ix Tw Parts. 
by Gentlemen of the County. Ptsield, 1829), 1. 


'5 David Arnold, "Hunger in the Garden of Plenty: The Bengal Famine of1770,"in 
Johns, “The Bengal Famine of1770;"in Johns ed, Dreadful Visitations, 81-111; Rajat 
Datta, “Crises and Survival: Ecology Subsistence and Coping n Eighteenth Century 
Bengal” Calcutta Historica! Journal 18 (1996), 1-34; Urmita Roy, “Famine and Dearth 
{in Late Eighteenth-Century Bengal” Bengal, Past and Present 112 (1993), 57-67; 
Davi Clingingsmith and jeffrey G. Wiliamson, Deindustrialistion in 18thand 
19th Century Inia: Mughal Decline, Climate Shocks and British Industrial Ascent,” 
ExpEcont¥ 45 (2008), 209-34; Christopher A. Bayly, “South Asia and the ‘Great 
Divergence: tineraio 24 (2000), 89-103. 


‘6 Mike Davi, Late Victorian Holocaust: EINio Famines andthe Making of the Third 
Worl (London, 2001). 


‘Kenneth Pomeranz, The Great Divergence: China, Europe, andthe Making ofthe 
Modem World Economy (Princeton, N), 2000); ¢-41:R. Bin Wong, China Transformed: 
“Historical Change and the Limit of European Experience (Ithaca, NY, 1997), 22- 

5 James. Lee and Wang Feng, One Quarter of Humanity: Malthusian Mythology 

and Chinese Realities, 1700-2000 (Cambridge, MA, 1999), 63-99; James. Le and 
(Cameron D. Campbell, Fate and Fortune in Rural China: Socal Organization and 
‘Population Behavior Liaoning, 1774-1873 (Cambridge, MA, 1997), 55-102 


‘Pomeranz, The Great Divergence, 91-8; Wong, China Transformed, 14-22, 


‘John F Richards, The Unening Frontier: An Environmental History of the Early 
“Moder World (Beeley,CA, 2003), 112-47; Susan Mann Jones, “Dynastic Decline 
and the Roots of Rebelion’ and Philip A Kuhn, “The Taiping Rebelion,"in ohn K. 
Fairbank ed, The Cambridge History of China, Vo. 10 Late Qing, 1800-1911, Part, 
(Cambridge, 1978), 108-13, 132, 148, 264-917; Ping: Ho, Studieson the Population 
of China, 1368-1953 (Cambridge, MA, 1959), 236-48; Carol Benedict, Bubonc Plague 
{m Ninetenth-Century China (Stanford, CA, 1996), 17-98; Jonathan D. Spence, God's 
‘Chinese Son: The Taiping Heaven Kingdom of Hong Xiuguan (New York, 1996), 79-95; 
‘Stephen R Platt, Autumn nthe Heavenly Kingdom: China, the West, and the Ep Story 
of the Taiping Cet Wir (New York, 2012) 270-303. 


10 Very specifically se Peter CPerdue's assessment in Ching Marches West: The Qing 
Conquest of Central Eurasia (Carnbridge, MA 2005), 237-52. Though he doesnot 
precisely inl Malthus, joa . Mell ses population growth starting Inthe 
sHateenth century driving an ecological overshoot inthe Mediterranean highlands 
after 1900, See The Mountains ofthe Mediterranean Word: An Environmental History 
(ew York, 1992), 2-11, 272-358. 


11 An exception to this rule was the various spreading patterns of Neolithic crops 
tn prehistory: es unlhaly that any of these tock effet ax quicky asthe adoption 

of New World crops in eighteenth-century China For Malthusian arguments 
regarding nineteenth-century China, see Mark Elvin, The Retreat ofthe Elephants: 
‘An Environmental History of China (New Haven, CT, 2004), 454-71; Mark Evin, 

‘The Pattern ofthe Chinese Pas (Stanford, CA, 1973), 298-316; Ho, Stuieron the 
‘Fopultion of China, 169-226, 266-78; and Victor Lieberman, Strange Paras: 
‘Southeast Asia in Globo! Context, . 800-1300. Vol 2:Mainland Mirrors Ewope, Japan, 
(China, South Asa and the stands (New Yor, 2008), S73-4. 


42 Conrad Totman, Eerly Modern Japan Berkeley, CA, 1993),233-79; Robert. Eng 
and Thomas. Smith, ‘Peasant Familie and Population Cntro in Eighteenth- 
Century Japan,” 6 (1976), 417-85; Richard, The Unending Frontier, 148-92; 
Liberman, Strange Prales,$48-69; Jan de Viies, The industrious Revolution: 


(Consumer Behavior and the Household Economy, 1650 tothe Present (New York, 2008), 
78-87; Angus Maddison, Contour ofthe World Economy, 1-2030 AD (Oxford, 2007), 
32. 


13 On the implications of England's cighteenth-century growth, see Esteban A. 
‘Nicolini, “Was Malthus Right? A VAR Analysis of Economic and Demographic 
Interactions in Pre-Indusrial England,” EREconH 11 (2007), 99-121. 


14 On the eighteenth century American industrious revolution, see Daniel Vickers, 
Farmers and Fishermen: Two Centuries of Workin Essex County, Massachusetts, 1630- 
11850 Chape Hil, NC, 1994); John L. Brooke, “Ecology in Daniel Vickers ed, 
‘Companion to Coloniat America (Malden, MA, 2003), 63-7. 


150m mortality decline and population growth asa river forthe English economy, 
ee Gregory Clark, “What Made Britannia Great? How Much of the Rise of Britain, 

to World Dominance by 1850 Does the Industrial Revolution Explain?” in Timothy 

|LHlatton eta, es, The New Comparative Economic Histor: Essay in Honor of 
‘Jeffrey. Witiemson Cambridge, MA, 2007), 33-57; Jon Kom, “The Industrial 
Revolution as an Escape from the Malthusin Trap” Discussion Paper 2003-13, Dept 
‘of Economies, University of Munich; Je! Mokyr, “Technological Progres andthe 
Decline of European Mortality," AR 83 (1993), 324-30; Brinley Thomas, “Escaping 
fom Constraint: The Industrial Revolution in a Malthuslan Contes," JinterdH 15 
(1985), 729-53; RichardG. Wilkinson, Poverty and Progres: An Ecological Perspective 


1. to 1990," Quarter Journal of Economics 108 (1993), 681-716; Oded Galor and 
David N. Wel ‘Population, Technology, and Growth: From Malthusian Stagnation to 
the Demographic Transition and Beyond," AER 90 (2000), #06-28; Charles. Jones, 
“Wat an Industral Revolution Inevitable? Esonomic Growth in the Very Long Term,” 
Advances in Macroeconomics 1/2/aticle 1 (2001), 1-43; RonaldD. Le, “Malthus and 
SBoserup: A Dynamic Synthesis” in David Coleman and Roger. Schild, The 
‘Stat of Population Theory: Forward from Malthus (Oxford, 1986), 96-103; James W. 
‘Wood, “A Theory of Prendustrial Popolation Dynamice: Demography, Ecanomy, and 
‘Well-Being in Malthasian Sytem," CA 39 (1998), 99-135; and Stephen Shennan, 
“Demography and Cultural Innovation: A Model and Its Implications forthe 
Emergence of Modern Culture” CArch 11 (2001), 5-16 


116 For the intellectual history of climate chang since 1896, see Spencer R. Weart, 
‘The Discovery of Global Warming (Cambridge, MA, 2003). 


17 Climate Change 2007 The Pysical Science Bais,210-15; james Hancen etl, “The 
Emicacy of Climate Forcings "JGR 10(2005),D18104, 


118 Thomas], Crowley, “Causes of Climate Change over the Past 1000 Years” Science 
29 (2000), 270-7; Jamas Hansen etal, “Global Temperature Change,” PNAS 103 
(2006), 14288-93;Tett etal, "The impact of Natural and Anthropogenic Forcings "3, 
B. 


19 William Te Brake, “Air Pollution and Fuel Crises in Preindustrial London, 1250~ 
1650 Technology and Culture 16 (1975), 337- 


‘20 See Wiliam F Ruddiman et al, “Ely Rice Farming and Anomalous Methane 
“Trend QSR27 2008), 1291-5, The data discussed here and presented in Figure 
IV;7is rom. A. Houghton, Carton Fux tothe Atmosphere from Land-Use 
‘Changer 1850-2005,"(2008),in TRENDS:A Compendium of Dta on Global Change 
(Carbon Dioxide information Analysis Center, Oak Ridge National Laboratory, http// 
‘luc orl gov/trends/landuse/houghton/houghton html, accessed August 8, 
2012), Tom Boden eta, "Global CO, Emissions from Fors-Fuel Burning, Cement 
‘Manufacture, and Gas Flaring: 1751-2008" June 10,2011), (Carbon Dioxide 
{formation Analysis Center, Oak Ridge National Laboratory, Oak Ridge, Tennessee 
37831-6200, data flea htp://ediac orl gowttp/ndp030/global 1751_2008 ems, 
sccessed August 8, 2012}: and M.A. Khali a, Methane Sources in China: 
Historical Current Emissions” Chemorphere 26 1993), 127-42, at 142. See alo 
David Stern and Robert K Kaufmann, “Annual Estimates of Global Anthropogenic 
Methane Emissions: 1860-1994," Center for Energy and Environmental Studies, 
Boston University, htp://ediac esd orn goy/trends/meth/ch4 htm, accesed August 
1, 2012. My analysis hinges onthe estimate by the team led by James Hansen that 
In total the cumulative forcing of climate rom anthropogenic CO; isthe modern 
‘equivalent of 155 watts/meter, and that of anthropogenic methane s $5, Moving 
from ths ratio, it would appear thatthe most appropriate multiplier to convert 
methane emissions into the°CO, equivalent” iS 5. Thisis near but not the same at 
‘the 500.year*CO; equivalent” plobal warming potential of 7 proposed for methane 
Inthe 2007 IPCC Report. Hansen eta, “Efficacy” 40; PCC, Climate Change 2007, 
212. Forthe scale of North American deforestation, see Michael Wiliams, Americans 
‘and Their Forests: A Mistrial Geography (New York, 1989}; Gordon G. Whitney, From 
Coastal Wilderness to Frted Pain: History of Environmental Change in Temperate 
‘North America from 1500 tothe Present (New York, 1994) 121-226. The TRENDS land 
‘use CO, data is discussed in R.A. Houghton, “The Annual Net Fux of Carbon tothe 
Atmosphere from Changes in Land Use 1850-1990," Tellus 5181999), 298-313 and 
3A. Houghton et al, “Changes in Terestral Carbon Storage inthe United States. 
“The Kole of Agriculture and Forestry,” Global Ecology & Biogeography 9 (2000), 125— 
“4 


21 Joe Makyr, The Gifts of Athena: Historical Origins ofthe Knowledge Economy 
(Princeton, NJ, 2002), 78-118;-,The Lever of Richer: Technological Creativity and 
Economic Pragres (New Yor, 1990), 81-148. 


22 W.W Rostow, The Stages ofEeanomic Growth: A Non-Cammunist Manifesto (New 
‘York, 1950). 


23 For recent important statements of the Kondratiev Schumpeter approach, see 
Carlota Peres, Technologice! Revolutions and Financial Capital: The Dynamics of 
“Bubbles amd Golden Ages (Cheltenham, 2002) Chris Freeman and Francisco Lou, As 
Time Goes By: From the industrial Revolutions to the Information Revolution (Oxford, 
2001); Roger Loyd.Jones nd MJ. Lewis, The Long Wave and Turing Points 

ln British Industral Capitalism: A Neo-Schumpeterian Approach JEBcon#] 29 
(2000), 359-401; George Modelski and Wiliam R Thompson, Leading Sectors and 
‘Wortd Powers: The Coevolution of Global Pottcs nd Economics (Colima, C, 1996); 
‘Andrew Tylecte, The Long Wave i the World Economy: The Present Criss in Historical 
Perspective London, 1992); Joshua. Goldstein, Long Cycler: Prosperity and Wa i the 
Modern Age New Haven, CT, 1998) 


44 Modelski and Thompson, Leading Sectors and World Powers, 70-104, 142- 
208; eter. Hugi, World Trade since 1431 Geagraph, Technology, and Capitalism 
(Baltimore, MD, 1993), 9-41. 


25 Vacla Sn, Energy in Word History (Ruler, CO, 1994), 223-47. 


16 RichardG. Lipsey etal, Economic Transformations: General Purpose Technologies 
«and Long-Term Economie Growth (Oxford, 2006); Ettanan Helpman, e, General 
Purpote Technologies and Economic Growth (Cambridge, MA, 1998);Timothy F 
Sresnahan and M. Trjtenberg, "General Purpose Technologes:“Engines of Growth” 
Journal of Econometric: 65 (3995), 83-108. 


‘27 Forcritques ofthe Kondratiev long wave model, see Solomos Solomou, Phases 
‘of Economic Growth: 1850-1973: Kondrate Waves and Kuznets Swings (Cambridge, 
1088) Nathan Rosenberg and Claudio R. Frschtak, “Technological Innovation and 
Long Waves Cambridge Journal of Ecomomics8(1984),7-24. See the very useful 
‘iscussion in David H. Flacher, The Great Wave: Price Revolutions andthe Rhythms of 
‘History (Oxford, 1996), 273-7 


287.5. Ashton, The Industrial Revolution, 1760-1830 (Oxford, 1997 1948), 48- 
175; David. Landas, The Unbound Prometheus: Technological Change a intial 
‘Development in Western Europe rom 1750 tothe Present (New York, 1969), 41-114; 


‘Moker, The Lever of Riches, 81-113; Rick Saostak, The le of Transportation inthe 
Industrial Revolution: Comparison of England and France Montreal, 1991); Rolf 
Peter Siefere, The Subterranean Fret: Energy Systems and the Industria Revolution 
(Cambridge, 2001), 110-37, 


29 See note 27 and Phyllis Deane and W.A Cole British Economic Growth, 1688-1959 
(Cambridge, 1962). The most recent synthesis, Robert. Allen, The British Industrial 
Revolution in Global Perspective (New York, 2009), stresses high wages in Britain 
‘lative to the Continent (discussed in Chapter 9), cheap energy, and the impact of 
technological invention 


30 N.F.R. Craft, British Economic Growth during the Industrial Revolution (Oxford, 
1985);N.F.R.Craftsand C.K Hatley, “Output Growth and the British Industral 
Revolution: A Restatement ofthe Crafts Harley View," EconHlisth 45 (1992), 703 

30, GDP data from Angus Maddison, “Historical Statistics ofthe World Economy: 
1-2006 AD"; coal production from 8 R Mitchel, Intemational Historia Statistics 
Europe, 1750-1993, ourth edition (London, 1998) (LHS) 426,428,431-2,477, 
‘440,482,484; wages rom Robert C Allen, “The Great Divergence n European Wages 
tnd Prices fom the Mile Ages to the First World War” ExpEconl 38 (2001), 411~ 
47 and -,"Wages and Prices in London and Southern England, 1258-1914" (http:// 
wwe nuffox ac k/user/llen/studer/london-xs accessed August 8, 2012) See also 
Gregory Clark, “The Condition ofthe Working Clas in England, 1209-2004" Journal 
of Plitcal Economy 133 (2005), 1307-40; Luis Angeles, "GDP Per Capita or Real 
‘Wages? Making Sense of Confcting Views on Pre-Industrial Europe” ExpEconH 45 
(2008), 187-63. On the tension between the Crafts-Harley thers and the lang wave 
perspective see Freeman and Loui, As Time Goes By, 22-31. 


21 E A. Wrigley ota, English Population History from Family Reconstitution, 1580 
1837 (Cambridge, 1997), 614 


232 Gareth Wiliams, The Ange of Death: The Story af Smallpox (Houndmills, 2010); 
Peter Razzll, The Conquest of Smallpox: The Impact f Inoculation on Smallpat 
Mortality n Eighteenth Century Britain Sussex, 997}; Mary Dobson, Contours of 
Death and Disease in Earty Moder England (Cambridge, 1997); Carole Shammas, 
“Food Expenditures and Economie Wel Being n Early Modern England Econ 

43 (10983), 89-100; Elizabeth A Fenn, Pox Americana: The Great Smallpox Epidemic 
‘of 1775-1782 (New York, 2001); Davi Loschiky and Ben D Childers, Early English 
[Mortalty”JnterdH 24(1993), 5-97; James . Rey, Rising Life Expectancy A Global 
“History (ew York, 2001), 15-25; nd Massimo Livi Bacc, A Concie History of World 
‘Population, third edition (Malden and Onford, 2001), $8-62,95-100. 


33 Angeles, "GDP Per Capita or Ral Wages?” 158; Allen, “The Great Divergence in 
European Wage”; Nicholas Crafts, “The First Industrial Revolution: Rasaving the 
‘Slow Growth/ Rapa Industralzation Prados," Journalof the Furepean Economic 
Associaton 3 (2005), 525-34; Wikinson, Poverty and Progres, 112-37; Linda Colley, 
Britons: Forging the Netion, 1707-1837 New Haven, CT, 1992). 


‘34 David Levine, Family Formation an Age of MascentCapitaism (New York, 1977), 
58-87; David Levine, Reproducing Families: The Pltical Economy of English Population 
“Histary (ew York, 1987), 94-159; Wrigley et al, English Population History, 186-93, 
79, 


235 Onempire, export markets, and industrial development, seein particular Joseph 
E nikon Africans and he Industrial Revolution n England: A Stuy in International 
‘Trade and Economic Development (New York, 2002), 91-123; 405-72; and. K. O'Brien 
sand. L.Engerman, “Exports and the Growth of the British Economy from the 
Glorious Revolution tthe Peace of Amiens” in Basbara Solow ed, Slavery andthe 
‘ise ofthe Atlantic System (New York, 1991), 177-208; Joel Mokys, “Introduction "in 
Joo Mokyr, ed, The Brith Industria Revolution: Ax Economic Respective (Boulder, 
0, 1993), 68-78; Nuala Zahediah, “London and the Colonial Consumer in the 

Late Seventeenth Century” EconHistR 47 (1994), 239-61; Woodruff, Smith, 
‘Consumption and the Mating of Respetabity, 1600-1800 London, 2002); Robert C 
‘Alen, "Progress and Poverty in Early Modern Europe” EconiistR 56 (2003), 403-43; 
David Ormrod, The Rise af Commercial Empire: England and the Netherlands nthe Age 
of Mercantiism, 1650-1770 (New York, 2003) Daron Acemoglu eta, "The Rise of 
Europe: Atlantic Trade, stitutional Change, and Economic Growth,” AERS (2008), 
‘546-79; Rona Findlay and Kevin HO Rourke, Power and Plenty: Trade, War, and the 
‘Workd Economy in the Second Millennium (Princeton, NJ, 2007); 311-64. See niko, 
‘Atvicans and the industria Revltion, 484 n 1, fora pointed critique of Pomerant's 
neglect ofthe role of global markets in The Gres Divergence. 


236 Eric Wiliams, Capitation and Slavery (London, 1964) For discussions ofthe 
historiography of the Willams thesis, see Wiliam A. Green, "Race and Savery: 
Considerations on the Williams Thess" in Barbara Solow and Stanley Engerman, 
‘ede, British Capitalism and Caribbean Slavery: The Legacy of Eri Wiis (New York, 
1987), 25-49 and inihor, Arias and the Industria Revolution, 1-7, 136-8 


37 Houghton, “Carbon Fuxto the Atmosphere rom Land-tse Changes: 1850-2005." 


20 Fenn, Fox Americana. 


‘macroinventions, se Mokyr, Lever of Riches, 12-13, and Allen, The British Industral 
Relation, 135-271, 


‘41 Thomas, “Escaping from Constraints” 732-9; Brinley Thomas, The Industrial 
“evolution and the Atlantic Economy: Selected Essays (London, 1993), 100-20; Mokyr, 
Lever of Riches, 99-5, 103-5. 


‘42 Mark Overton, Agricultural Revolution in England: The Transformation ofthe 
Agrarian Economy 1500-1850 (Cambridge, 1996) argues fra sharp increase in 
agricultural productivity during the eighteenth and erty nineteenth centuries 
Brinley Thomas and others claim that English agriculture by itself wat insufficient 
‘to upport the population, which increasingly required Irish imports and after the 
rapealof the Corn Lawes, imports from Europe and North America. Thomas, “Escaping 
from Constraints" 739-53; Thomas, The Industriel Revolution and the Atlantic 
Eeanomy, 81-100; Lloyd-Jones and Lewis, The Long Wave and Turning Point in 
British dustrial Capitatism, 365-72: Hugi, Word Trade 75-6;E.}T, Colin, “Food 
‘Supplies and Food Policy in ET. Collins, ed, The Agrarian History of England and 
‘Wales: Votume VU, 1850-1914 (Pert) (Cambridge, 2000), 33-9; Ralph Davis, The 
Industrit Revolution ond Britis Overseas Trade (Lelcester, 1979), 122, 124 


4 Grogory Clark, “Shoter from the Storm: Housing and the industrial Revolution, 
1550-1909,"JEcont 62 (2002), 489-511: Cormac O Gréda etal, When the 
Potato Failed: Causes and Effects of the “Last” European Subistence Cris, 1855-1850 
(Turnout, 2007) 


44 See index of industrial production, Crafts and Hatley, “Output Growth and 
‘the British Industrial Revolution 725-7 ("revised best gues"; and figures for 
Investment in industrial machinery and equipment, in Thomas, Escaping fom 
Constraints” 735. 


|45 Foran overview of the origins ofthe debate, se the “Editor's Introduction,in 
‘Arthur Taylored, The Standard of Living in Britain in the Industrial Revolution 
(london, 1975) a. 


46 Chares Feinstein, “Pessimism Perpetuated: Real Wages end the Standard of 
Livingin Britain during and after thelndustrial evolution," JEconH 58 (1998), 
625-58; Gregory Clark, Farm Wages and Living Standards inthe Industral 
Revolution: England, 1670-1869," EconHis® 54(2001),477-SO5(dataathttp// 
spih.uedavisedu/fles/England 1209-1914 (Clark) xls accessed August 82012), 
‘Allen, "The Great Divergence in European Wages" Alle, “Wages and Pricesin 
London and Southern England, 1259-1914" These data series challenge the more 
‘optimistic interpretations presented in Petar H,Lindert and Jeffrey. Williamson, 
“English Workers Standard of Living during the Industrial Revolution: A New Look” 
Reontith 36(1983),1-25. 


(47 Paul Huck, “Infant Mortality and Living Standards of English Workers during 
the Industral Revolution” JEconH 5 (1995), 528-50; Simon Sereter and Graham 
Mooney, “Urbanization, Mortality, andthe Standard of Living Debate: New Estimates 
ofthe Expectation of LifeatBrth in Ninetwenth-Century British ites” EcanHlst 
51 (1998), 84-112; Simon Sreter, Health and Wealth: Stuies in History and Policy 
(Rochester, NY, 2005), 146-61; Wrigley et al, English Population History, 272-6, 


‘40 Hans-Jochim Voth, “The Longest Years: New Estimates of Labor inputs in 
England, 1760-1830" JEconH 61 (2001), 1065-82:-, Time and Work n Industrial 
England, 1750-1830 (Oxford, 2003), 234-41; Sara Morell and Jane Humphries, “The 
Exploitation of Lith Cildret Chilé Labor an Family Economy in the Industria 
Revolution, ExpEconH 32(1995), 485-516, 


‘49 Roderick Floud etal, The Changing Body Health, Nutrition, and Human 
Development i the Western World since 1700 (Cambridge, 2011), 134-69; Francesco 
Cinnirala “Optimists or Pessimists? A Reconsideration of Nutritional Statu in 
Britain, 1740-1865," EREconHY 12 (2008), 381; John Koro, “An Anthropometric 
History of Early-Modern France,” EREconH 7 (2003), 159-89; “Shrinking in 
{Growing Economy: The Mystery of Physical Stature during the Industral 
Revolution” cond S8(1998),779-802;--The Secular Trend inthe Bislogical 
Standard of Living inthe United Kingdom, 1730-1860," EconHistR 46 (1993), 115- 
44Stephen Nicholas and Richard H.Steckel, “Heights and Living Standards of 
English Workers during the Early Years of Industrialization, 1770-1815, JEconl 1 
(1901) 937-57; Paul Johnson and Stephen Nicholas, “Health and Welfare of Women 
Inthe United Kingiom, 1785-1920" in Richard H, Stecka and Roderick Foud, eds, 
Heath and Welfare during Indusrialization (Chicago 1, 1997), 210-49. For more 
“optimistic interpretations see Roderick loud etal, Height, Health and Histor: 
Nutritional Status inthe Unite Kingdom, 1750-1880 (Cambridge 1990), 287-306; 
and Roderick Floud and Bernard Haris,“Health, Height, and Welfare Britain, 1700— 
1980," in teckel and Flu es, eat and Welfare during Industriiation, 91 


127;on sugar, se Sidney W. Mints, Sweeness and Power: The Place of Sugar in Modern 
“History (New York, 1986), 108-34 


'50.N, von Tunzelmann, Steam Power and British Indusrialiation to 1860 (Oxford, 
1978), 26-30, 79-91, 117-21, 219-25, 234-6 Richard L. Hil, Power from Steam: 

A Histor ofthe Stationary Steam Engine (Cami, 1988), 141-61; Wiliam S. 
Humphrey and Joe Stanislaw, “Eeonamic Growth and Energy Consumption inthe 
UK, 1700-1975 "Energy Policy 7 (1979), 29-82; data from Mitchel, British Historical 
Statistics, 258, 370, 373, 375; Mitchel, LHS, 79-B7;B Mitchell with Phyllis 
Deane, Abstract of British Historical Statistics (Cambridge, 1971), 225-6; Crafts and 
Harley, “Output Growth andthe British Industrial Revolution,” 725-T (revised 
best guess" se als obn Kenefshy, “The Diffusion of Power Technology in British 
Industry, 1760-18707 PhD Thess, Exeter University, 1979, 338, reproduced in Hil, 
Power from Steam, 235. 


51 AE Musson, “Industria! Motive Power in the United Kingdom, 1800-70; 
BeonHist NS 29 (1976), 415-39; Raphael Samuel, “The Workshop ofthe World: 
Steam Power and Hand Technology in Mié Victorian Britain” History Workshop 3 
(1977) 6-72; Dolores Greenberg, ‘Reassessing the Power Patterns of the Industral 
Revolution: An Anglo-America Comparison," AHR 87 (1982), 1237-61; see alsoJohn, 
1. Kanefsky, ‘Motive Power in British Industry and the Accuracy ofthe 1870 Factory 
Return," Ecole 321979), 360-75 for higher estimates in 1870. 


'52 While Ihave been stressing the endogenous role of population growth asthe 
fundamental driver in pushing England into erly industrilization, ina Boreruplan 
Intensification in which technology would eventually provide the push to sustained 
Schumpetarian growth, ts worth considering the rol of exogenous climate 
‘conditions in this etly nineteenth-century burt of English urbanization Food 
prices had been rising over thelast half ofthe eighteenth century, but they sped 
up between 1800 and 1820 (soe Figure V2. Rising food prices encouraged a wave 
‘ofenclosures in southern England authorized by Parliament, which reduced the 
‘and available to the rural poor for subsistence production Some of thie pice rise 
‘must have been driven by population growth, butts worst increase driving 8 
small downturn in real wages came during the yearsof the simultaneous onset of 
the cold Dalton Minimum and the sudden aceleration of urbanization Allofthese 
‘would seem to belinked, with the result that English cities were swollen suddenly 
‘with the rural poor after 1800, driving the 1810-20 urban coal deficit Urban data 
(Gities of population greater than 10,000) from Jan de Vries, European Urbanization, 
1500-1800 (Cambridge, MA, 1984), 30;C.M. Law, “The Growth of Urban Population 
In England and Wales, 1801-1911, Trans. ofthe Insitute of British Geographers 41 
(1967), 142;coal data from B.R Mitchell, British Historical Statistics (Cambridge, 
11988), 247-8. Law and de iis arriveat different gues for 1800/1: 2,132,000 and 


1,870. use an average of? milion Food price data from Alle, “Wages and Prices 
{nLondon and Southern England, 1259-1914"; Clark, “Farm Wages and Living 
‘Standards in the Industrial Revolution” 502-4 Gregory Clark, “The Long March 
‘of History: Farm Wages, Population, and Economic Growth, England 1209-1869," 
_EconHistR 60 (2007), 108-9 (data at htp.//gpthucdavised/es/England_1209— 
1914 (Carl).xls accessed August, 2012) For arecent discussion ofthe enclosures 
and rural conditions, se Cinnirells, “Optimists or Pessimists™” 347-2. 


‘53 Here see Douglas B. Egerton, “Bethinking Atlantic Historiography ina Postcslonial 
Era: The Civil War in a Global Perspective Journal ofthe Cv War Era (2011), 79- 
Platt, Autumn nthe Heavenly Kingdom. 


54 Rondo Cameron and Larry Neal, A Concise Economic History ofthe World, fourth 
‘edition (New York, 2003), 227-43; eter N. Stearns, The ndustia! Revolution in World 
History (Boulder, CO, 1993), 41-8; allroad mileage from Mitchel, 1HS-£., 673-7 


'55 William Stanley fevons, The Coal Question: An Inquiry Concerming the Progress ofthe 
Nation, and the Probable Exhaustion of Our Coal Mines (London, 1865); Siefere, The 
‘Subterranean Forest, 184-202; Weat, The Discovery o Global Warming, 5-8 


‘56 The data dscussed here and presented in Figure V.7s from Houghton, “Carbon 
Fluxto the Atmoyphere from Land-Use Changes: 1850-2003"; Boden etal, “Global 
(CO, Emissions from Fosi-Fuel Burning, Cement Manufacture and Gas Faring 
1751-2008"; and Khalil etal, "Methane Sources n China: Historical Current 
Emissions,” 142. For the history ef land expropriation in North America and the 
‘wider domain ofthe "ieo-Europes,” we jon C. Weaver, The Great Land Rush an the 
Mating of te Moder Word, 1650-1900 (Montreal, 2003) 


'57 See cites in notes 20 and 56, and leo Kees Klein Goldewik “Estimating Gib 
Land Use Change over the Past 300 Years: The Hye Database GBC 15 (2001), 
417-33 esp. data on 426-8; and Navan Ramankutty and Jonathan A Foley, 
“characterising Patterns of Global Land Use: An Analysis of Global Cropland Data," 
(GBC 121998), 67-85. While agricultural expansions in nineteenth-century Russia 
sre often compared with those in North Ameria, they had far less greenhouse 
Impact, hovering at about 5O milion metric tons per year from 1850 to 1900. Given 
that forest clearance was comparable, nd that land expansion in thenineteenth- 
century United States and Russia were 133 million and 83 million hectares 
_sexpectvely the reasons forthe ctference in extimated CO, emissions probably ter 
Inthe dierent carbon content of temperate and semiarid soils See Michael Wiliams, 
_Deforesting the Earth: From Prehistory to Global Crisis (Chicago,IL, 2003), 285-91, 
301-24 and]. BL Meliloet al, “Land Use Changein the Soviet Union between 1850 


and 1980: Causes of «Net Release of CO; tothe Atmosphere” Tellus 408(1988),116- 
28 


50 Willams, Americans and Their Forest, 111-390, esp. 118-20, 354-61; Jeremy 
‘Atackand Peter Passll A New Economic View of American History from Colonial Times 
to 1940, second edition (New York, 1998), 274-97, 299-304, 403-6,414-10, 


‘59 The tropical land boom is described in Richard P. Tucker, Insatiable Appetite: 
‘The United States and the Ecological Degradation of the Tropical Word (Berkley, CA, 
2000}; Willams, Deforestng the Earth 354-79; Warren Dean With Broadax and 
Firebrand: The Destruction of he Briton Atlantic Foret (Berkeley, CA, 1995), 168- 
£220; Timothy C. Weiskel, “Toward an Archasology of Colonialism: Elements in the 
Ecological Transformation ofthe Ivory Coas,"in Donald Worstr, ed, The Ends of 
‘the Earth: Perspectives on Modern Environmental History (New York, 1988) 141-71; 
Boris G. Rotanov eta, "Sols lan Douglas, “Sediment Transfer and Station’ in BL 
‘Tuer etal, The Earth as Transformed by Human Action: Global and Repional Changes 
{the Biosphere over the Pst 300 Years (New York, 1990),203-34; John R. McNeil, 
Something New under the Sun: An Brironmental History of the Twenteth-Century 
Workd (New York, 2000), 38-43, 


0 Tet et al, “The impact of Natural and Anthropogenic Forcings"24-7, 


(61 Davis, Late Victorian Holocaust Richard H. Grove and ohn Chappell, “EI Nis 
Chronology and the History of Global Crises uring the Lite Ice Age," in Grove 
and Chappel eds, E1Niko- History and Criss: States from the Asia-Pacific Region 
(Cambridge, 2000), 5-34 


62 Here the classic arguments in Dav M. Potter, People of Plenty: Economic 
Abundance and he American Character (Chicag, 1, 1954) are stil very persuasive. 


12 Launching Modern Growth: 1870 to 1945 


Urbanization, a New Political Economy, and 
the Second Industrial Revolution 


‘The environmental history ofthe modern world has been shaped by a complex 
balancing of massively expanding populations, wildly divergent rates of economic 
growth, and their impacts on the natural world During these decades, we moved 
fom what the environmental economists cll an “empty earth to afull earth” 
from an earth in which the planetary systems of sources and sinks could manage 
the somewhat destructive behavior of one ofits more successful species toan earth 
here this behavior has begunto threaten the sustainability ofthat specie inthe 
earth syster.! 

Forour purposes here is useful to divide the economic history ofthe modern 
world intoa serie of great expansions and interruptions There have been at least 
theo great expansions as measured by gross national product, which are-In an 
‘unconscious echo of geological terminology ~Iabeled super<ccles (eee Table V3 and 
Figures 13 and V.14), The frst modern expansion or super-<ycle was driven bya 
"Second industelal Revolution” nats around the North Atlante, an took place 
from the 1870s tothe Fest World War: the second expansion or ruper-cycle began 
after World Warland ended inthe 1970s, Theve great super-<ycle expansions were 
stalled by two "great interruptions” thera ofthe world wars and depression of 1914 
to 1945, and the ea ofthe great ol and fnanclal rises of 1973 and 1979 through the 
19804, slowing global growth epizodically. Despite the recession of 2008, economists 
sare arguing that since roughly the year 2000 we have been at the begining of a 
‘ew, third super-cycle driven by the explosive emergence ofthe Chinese and Indian 
‘economies and by complex new trading relationships = With each turn ofthe cycles, 
‘the each ofthe modern economy became more powerfully global in ts influence If 
we think ofthese expansions and contractions since 1870 in termsof thelong waver 
‘orlong cycles Nichola Kondratiev and Francois Simland proposed, they fll intotwo 
and a half waves, three expansionary “A” periods interrupted by twodecining*B* 
periods 

Along with GNP, the anthropogenic emissions of greenhouse gates that comprise 
theexhaus of industrial society have surged and subsided since 1870 withthe 
‘expansions and interruptions ofthe global economy, Thus the eb and flow ofthe 
_lobal economic engine had profound ecological consequences Inthe very long-term. 
View of geological or evolutionary timescale ofcourse, these impacts on nature 
‘itself may be minimal 1fhumanity were suddenly taken out ofthe picture, the 


‘natural systemsof the earth might recover quite quickly and persist untilthe end of 
‘thelifeof the sun, assuming ofcourse that the earth could absorb thetic impact of 
‘the breakdown of modern technology. But clearly our behavior has. aprimary impact 
‘on our own well-being, on ou place in nature, on the quality, sustainability, and very 
\viabilty of our continuation as an earth-bound species. Environmentalimpactson 

nature result in environmental hazardsto human life. 


‘Thinking historically, environmental impacts and their resulting hazards fall 
{nthree broad chronological sequences, thove of traditional agrarian societies, of 
‘ndustrialzing, urbanizing societies, and ofhigh-intensity modern societies; in 
recent discussions these are referred tos brown, gray, and green hazards (se Table 
1.3). The fest began with the fst sedentary villages during the Meslithi, such ax 
Inthe Natufin settlements where archaeologists fin the accumulated discarded 
remains of «very messy people? Quite simply, mess breeds hazard, and messy 
people in higher densities can brew hazards oftheir own making. Thus since the 
first sedentary settlements ofthe post-lelstocene word, human societies have been 
ling in villages, towns, and cities choking with wood and coal smoke, littered with 
trash, and eeking of sewage. These endogenous conditions as well asthe density. 
riven forces of soll degradation and deforestation -if they rarely le to an absolute 
Malthusian colapee- shaped a general background of poor healt, endemic disease, 
and susceptibility to major exogenous shocks of virgin soll epidemic and abrupt 
imate change. 

Paradoxical the onset of economic moderity both brought solutions tothese 
‘enduring hazards of the preindustrial human condition, and launched muccentive 
“wave of enviconmental impacts, which have shaped the environmental hazards 
oftindustra society. The fist surge of environmental impact was driven by 
technologies degrading ical and mpional ecosystems in moments of unprecedented 
‘urban and industrial transformation, led by the fist great super-ycle expansion 
{nthe North Atlantic of the 1870sto 1914: these frat impacts are discussed inthe 
following pagesin the framework ofan urban environmental crisis The second 
‘wave of impacts and hazards is the closing focus ofthis chapter:the impact oflarge 
and rapidly rowing agricultural and industrial economies on global systems of 
the atmosphere and biological lifeitselt [this atmospheric story has occupled an 
Important place inthis book, wil tk central stage ar we conser the dynamics of 
‘expansion and interruption during the past six decades. 

{would propose thatthe demands of growing urbanized populations around the 
North Atlantic drawing resources fom formal and informal empires, nd driving 
Arising tide of trade and production, have been the central dynamic forces for 
the global transformation of the past century anda half But their simple growth 
‘comprised a crisis in itself The ways the growing. industrializing city confronted 
the traditional hazards of heath and welfare isan appropriate pace tostarta 
‘consderatian of our modern worid. Population growth, economic demand, the 


Atlantic Cities and the First Wave: 
Environmental Crisis and Social Reform 


During the eghteenth century, in whats calle the second stage of the 
«epidemiological transition, the rising empire-based prosperity in northwest Europe, 
‘coupled with the rst results ofthe early scientific revolution, began to push back 
ome of the worst loca environmental hazards of poor sanitation and bad water 
‘quality. These efforts, we shall se, were pushed forward during the coming century 
Ineffortsto suppress smallpox and childhood diseases But by the middle of the 
hlneteenth century, new threats to human welfare sprang up driven in pat by these 
very successes at preserving population. 

‘Since the rise ofthe state 5,000 yeas ago, urban populations have been markers 
sand drivers ofeconomichealth and change. Detached from direct production onthe 
land, the scale of ities hasbeen a function ofthe productivity of the countryside. 
‘Urban populations need tobe fed, clothed, housed and entertained raming a 
‘massive demand forthe social and economic onganization of resources, They also 
provided the concentrated mental and labor power that made large politcal and 
‘economic systems flourish, But cites also area general burden: human density 
{obviously an active agent inthe local, regional, and global ecorystems. We can 
‘conceive of sustainability ax balancing between the economicservicer'that 
human societies gonerate and the “natural services ofthe ecorystem in which 
thay are situated, made ofthe interacting dimensions of the geo-,bio- hydro, and 
atmo-spheres* Cities as large concentrations of humanity have always threatened, 
to overwhelm the natural services of their localities, Removed from the and, ity 
‘people required the deliver of sanitary water and safe food in supplies sufficient to 
‘ensure reasonable conditions Inthe premodern pat, cities were demographically 
‘unsustainable; urban disease environments, brewing contagion that killed the 
majority of wave after ware of rural in-migrant, played a central rolein limiting the 
scale of population growth overtime. Cities eseentially functioned as permanent 
sites of crisis mortality Degradation of natural services has always been a feature 
hhuman existence, andi fundamentally density dependent, and thus inthe terms 
that Thave usd in this book endogenous tp human action. 

‘Thuve argued to this point that these endogenous degradations, while probably 
serious, were never by themsebes suficient to trigger the collapse of significant 
civliations But over the cours of the nineteenth century, asthe sraleofurban 
‘population in Europe and then the United States began to each levelenever before 


seen the pressures of resource demand and local environmental hazard to public 
health reached what hae righty been termed “general environmental crise" 
‘Where typical urban populations inthe Atlantic world comprise 5 percent or ess 
‘fnational totale in 1800, by the end ofthe century they comprised 15 percent to 
25 percent or more. With their numbers driving the demand for global commodities 
and North Atlantic industrial production, cities were beginning tohavea systemic 
Impacton the world a age, but they also were spawning conditions that threatened 
the Future of ther own societies. The mid-to-late nineteenth century saw the 
‘opening of broad-based efforts to address these issues on a hos of fronts, effortsto 
protect the quality of fe fr national and then global populations that would during 
‘he twentieth century become the overriding priority of governments and of civil 
soclety at age’? 

Industrialization, rising national wealth, and urbaniation al rose together in 
thelate nineteenth century. As of 1899, the United Kingdom, the industrial leader, 
led the world in this transition, with 55 percent ofits population living in cities of 
10,000 or mor. It was followed by Belgium, the frst continental industrial nation, 
at 35 percent, and the Netherlands, the early modern economic leader, at 33 percent. 
Franceand Germany, the other two continental leaders, ranked low tothe United 
States at 26-28 percent. aly and Spain, with long histories of urbanization, had 
‘bout a fifth of thelr populations living in cites of 10,000 or more, but with generally 
love levels of indusrialization and GDP (se Table V8), 


In the United States, the rate of increase in coal production closely followed, 
therate of urban growth; thus Americans dd not suffer the “energy deficit” of 

the English in the frst decades ofthe century. A signfiant proportion ofthat 

‘coal production was devote to domestic heat, because American ralloads were 
\Wood:-powored far into the century and water power remained very significant for 
‘manufacturing; team power from coal id not exceed power from water and wood 
until the 1880s But railroads and cities were clearly linked in a dynamic feedback, 
asthe pace of urbanization snd rilrosd constriction surged during the 1840¢ and 
18504, aeros thenorthern United States in particular Ifslave-grown cotton had. 
funded the American balance of international payments unt the 1860s, grain 
from northern farms became a very significant export as European cities grew the 
British Parliament repealed the exclusionary Corn Laws in the 18406, and Ukrainian 
sources were disrupted by war inthe 1850s Thelabor systems in grain agriculture, 
-equiting workers only for short periods at planting and harvesting, fed.a dynamic 
‘ofthe mechanization of northern agriculture that inturn contributed toa demand 
‘for manufacturing, which was also encouraged by the demands ofthe railroads 
and shipping carrying the grain to American and European markets As William 
‘Cronon has described mid-nineteenth-century Chicago, the emerging American 
‘ites became huge milling machines, processing the natural resources of the great 
‘American interior. Into thisnorthern dynamic of grain agriculture, ralroads, and 
‘urban manufacturing fowed arising tdeof immigrants, frst from Ireland, Germany, 


and Ching, ater from Scandinavia, aly, Poland, and Russia, building the railroads, 
setting the prairies, and driving the rising tide of urban manufacturing afterthe 
‘civil War? 

‘By the 1870s, the United States stood between Belgium and Francein the key 
‘markers of economic modernization: GDP pe capita and CO, emissions (se Table 
144). Ttalsosufered its own version of the urbanization bottleneck that had begun 
‘twoperate in England atthe beginning ofthe century, measured most directly in 
the stature of American males over the nineteenth century. American saves in the 
‘cotton South, certainly, bore the brunt ofthis and an earlier crunch, Conditions had 
been particularly bad forthe slave generation born during the deprivations ofthe 
American Revolution, but slaves born inthe 1830x averaged about S'7 about the 
same as English industrial workers, but less than American white males.!°During 
the eighteenth century there had been slight difference among whites inthe North 
and the South; northerners were more aly to begin work aan earlier age and were 
thus shorter, but generally whites averaged 5'S* (see Figures IL7, 16), But stating 
with the cohort of northern native white men bor in the 1830s, adult heights began, 
to fall quite sharply fom this 5°*(173 cm) platens toa minimum of 5'6.5°(170cm), 
forthe cohort born in the 1880s, A similar fallin Bfe expectancy tracked ths fll in 
ult height Quite simply these measures chart the impact on health ofthe early 
urban-ndusrial transformation inthe United States, Life nthe cites separated 
Americana trom the farms that produced rafe food, often involved arduous work at 
‘young ages, and exposed them to diseases and other danger that they would not 
have encountered in ural America! 

‘Asmuch a English workers, Americans ving in explosvely growing mid> 
nineteenth-century cities were exposed toa host of peril the conditions ofthe 
‘general environmental crisis” Cities but a small commercial centers were 
overwhelmed at mid.century, a ralroads brought massive but haphazard 
‘concentrations of industries and working people needing shelter and rustenance, 
Rt and mass violence seemed to threaten the maintenance of public order Garbage 
and sewage was removed only by payment to private collectors, and its disposal was 
weakly regulated Malaria was endemic as far north a coastal Massachusetts and 
Interior Ohio until the end of the nineteenth century. Cholera followed international 
shipping from Asia to Europe to American seaport cities there were cholera 
‘epidemics in 1832, 1849, and 1867-The threat of mass fire was another critical 
danger: between the 1830s and 1906 devastating ire struck Boston, New York, 
Pittsburgh, St Louis, Chicago, Charleston, Baltimore, San Francisco, and ahost of 
smaller cities Given the wealth of timber in North America, mort ofthe structures in 
‘the sprawling new cities were wood frame construction uniquely susceptible tafe, 
and nineteenth-century cities were notoriously unplanned, subject tothe competing 
priorities ofa host of private interests. Addressing the threst of contagious dicease 
‘required massive investments in water and sewage systems, and building fireproof 
cites required marsve investments in new materials as well ae safely distributed 


lighting and henting systems that didnot require open lames. And generally, 
‘building a safe city require a strong web of urban government and regulation, 
and asserting direct public control of service provided haphazardly by private 
‘companies jealously guarding the profits Fighting fies delivering water, 25, and. 
‘dectricty: and removing sewage and garbage all would have to be brought under the 
‘control ofeity and sate governments "> 

‘Retooling for safe, healthy, feproof city was a central part of wider late 
nineteenth-century Atlantic movement for reform. These efforts had to overcome 
the sti ideological resistance of those committe tothe dogmas of the classeal 
eral marketplace. The mercantiist policies of early modern monarchs and 
parliaments had channeled the workings ofthe market for the benefit ofthe nation, 
but the opening ofthe nineteenth century had seen the rejection of these polices 
forthe framework of lise fie announced in Adam Smits Wealth of Nations, 
‘The seminal moment in this market-driven politics was Britains simultaneous 
repeal ofthe Corn Lawes and dramatic rollback ofthe Poor Laws in reaction tothe 
rural wing Rots agunst mechanized harvesting. But acountervaling rejection 
‘ofthe commodification of al elements of human behavior was equally powerful, 
and the market, revolution, and reform would struggle for preeminence far into the 
twentieth century. The most powerful critique was that of Robert Owen, Karl Mare, 
and Friedrich Engels, whose reaction tothe iniquities of industria labor and capital 
during the 1820s and through the 1840s would fuel the communis vision ofa world 
without markets. Evangelical visions ofa perfect worl drovethe antisavery cause 
and the wider movement forthe reform of prisons, education and public health, 
‘This Anglo-American axis of reform had its origins in an Atlantic evangeliclism that 
‘ated back to the eighteenth century, and stresved the oe of valuntary associations. 
But the experiences cf the depression ofthe 1840s, the American Civil War, the ris of 
the Prussian stat, arising fear of socials revolution and indeed a pervasive anxiety 
about social “degeneracy” all contributed toa harder, marestate-ariented approach, 
eventually manifested in the wider efforts of governments around the North 
Atlantic to address the issues of public safety and bealth that advancing economic 
transformation had turned into “general crisis“)? 


Bridging this transition was the emerging public movement that recognized 
‘the devastation ofthe natura environment as an unacceptable cor of econemic 
‘modernization, both inthe mora threat of destroying natural worlds andthe more 
practical threat of destroying natural services to human sustainability, Henry 
David Thoreau and john Muir, the prophets of American environmental protection, 
founded this moral vision in Transcendental perfectionism; Stanly Jens saw 
‘Malthusian threats in resource dependence and degradation, Theodore Roosevelt 
‘brought the power of thenational state tobear for canservaton on both of these 
‘rounds. Very broadly alarming conditions in thelate nineteenth century mobilized 
people across a wie Progressive font in self-conscious responses to threats of socal, 
‘environmental, and Malthusian degradation Acting inconcertin associations and. 


‘though government, they saw thei efforts ar standing between the unsustainable 
‘threats ofthe unregulated market and violent revolution. 


‘The Second Industrial Revolution 

‘The Progressive reformers construction ofthe safe and healthy ity was 
fundamentally bound upin the Second Industrial Revolution, the leap totechnology- 
‘capital driven Schumpeterin growth that spanned Walt Rostow's “drive to 
maturity" andthe opening of his ‘age of high mass-consumption,* and Nichola 
Kondratiev's third and fourth long waves, between roughly 1870 and 1920. Forging 
an entirely new paradigm of energy andthe application of power, the Second, 
Industral Revolution was the first great expansion of the modern economy, what is 
‘now calle the ist superyce (see Table V3, Figure V.14). Energy historian Vaclav 
Sil argues without exaggeration that these few decades nunched “the fundamental 
‘means to raze neatly al of the 20th-century accomplishments" in energy and 
technology, and constitutes human "history's most remarkable discontinuity”; 
the Second Industral evolution, Smil argues, was analogous to evolutionary 
punctuation as modeled by Stephen ] Gould and Nis Eldridge +n great measure, 
{would ike to argue, the fundamental impetus behind the Schumpeterian Second 
{Industral Revolution was the pressing need to addrest the mid-century crisis 

of massively expanded, newly urbanized North AUantic populations faced with 
‘he traditional hazards of health and welfare. And while the Second Industria 
Revolution helped to solve these local hazards, it would quick spawn new regional 
hazards and eventually the plobal impacts that we face today. 

‘The Second industrial Revolution began in 1873 with Andrew Carnegie 
construction of tel works on the Bessemer system at Braddock’ Field in Pittsburgh. 
‘Thenew Bessemer furnaces radically reduced the cost of steel production, while 
they consumed enormous tonnagescf coke. This wasthe fist ofa continuing 
series of new technologios based on advanced scientific mowledge: the Bessemer 
‘converter was apdly replaced by the even more productive open hearth furnace 
‘Thenew steel built the allroad, factories, and cities of anew economy that was 
‘riven by inventions and applications develope in research and development (R 
{4D} laboratories funded by corporations and nation-state from Berlin to Chicago. 
Tnnovation would no longer be an informal hit-r-miss process guided by rule-f- 
‘thumb experience, but would emerge out of an intriocking complex of universities, 
corporations, and national laboratories Following the aavent ofcheap steel, the 
second pla of thenew technology was the stzam turbine, developed by British and 
‘Swedish engineers in the 1880s ot of ancient eas and French experience with 
the water turbine, and fst applied in shipping and then in electrical generation. 
‘The high-pressure turbine was ands to this day fundamental tothe most obvious 
‘marker ofthe Second Industrial Revolution, electricity. Again, the key breskthroughs 


‘amein Europe, with generators, ynamos, and alterating current experimentalin 
the 1870sand pracicalin the 1880s. Incandescent electric lighting was leo practical 
‘bythelate 1870s, and within a decade coal-powered steam turbines spinning 
_dynamos were providing electricity for ste lighting, streetcars, and households. 
‘The rst modern ue of electricity ha been inthe telegraph inthe 1840s, and by the 
1890 another electrical form of communication, the telephone, was practical and 
beginning to go into commercial us 

‘The same decades saw a revolution chemicals, riven in great part by Germany's 
geographic lation from global resources, geo-strategc situation that would 
have enormous consequences in the fst half ofthe twentieth century. German 
‘clentsts concentrated first on developing synthetic dyes, and then onthe chemistry 
‘ofammonia and nitrates that allowed the synthesis of nitrogen fertilier through 
the famous Haber-Bosch process, which usefully also ould be switched tothe 
production of explosives. Americans and Belgians worked along anther path 
‘hat ed from vulcanized rubber to plastics, With simultaneous leaps in medical 
knowledge of germs, infection, and consciousness, the expanding command of 
chemistry led to the production of an array of medicines rom anesthetics and 
ntveptics to aspirin. On another front, starting with the fst ennayivania oi 
strikes in 1859 and then nthe Caspan Sea in 1873, a new fous fuel petroleum 
began to augment coal. Oi fist ue as erosene displaced whale oll for lighting, 
ss didlocally-Its geological cousin, natural gas But o's future lay centrally asa 
powerful propulsion fuel as both diesel and gasoline Sted electricity, chemicals, 
and the beginning of the ol industry all played a role in the development and 
refinement of the internal combustion engine andthe early automobile, made 
practical and commercial after its frst demonstration in Germany in 1885. By the 
18904, the fist research wa underway that would Jead to dese engines and gas 
turbines, which inthe coming century would literally be the prime movers of global 
commerce by truck, ship, and jet airplane"? 

Altof these developments moved rapidly; leary, as American and northern 
European populations grew a increasing fates, the race for significant technological 
and economic breakthroughs was intensifying. Despite rising populations, GDP 
‘et capita also rosein Europes cove industrial countries. While Britain retained its 
‘overall advantage, Germany in particular was closing the gaptheBritish/German 
GDP ratio moved from 175/100 n 1850 0 135/100 191, while the Bitish/ 
Belgian and Bitish/French ratios remained roughly stabeat around 125/100and 
150/100 respectively. More important, the United States surged ahead, fist catching 
‘up with Relglum and then surpassing Britain by 1905 in along advance tartingin 
thelate 18708!® 

Hore Britain encountered the paradox ofthe fret adopter. Having made a buge 
‘cumulative investment in steam, most importantly in high-pressure steam engines 
Inthe 18505 and 18606, it remained locked into a First Industria Revolution 


paradigm, losing its leading technological position to Germany and the United 
‘States that, ac catch-up adopters, were beter able to make investments inthe neve 
‘technology. Britains loss of leading postion is perhaps best Mustratedin its 
‘lectrical generation capacity onthe eve ofthe First World War, when twas per 
‘capita es than haf that of Germany or the United States, and only slightly larger 
‘than that of France” But it was the United States, not the scientific powerhouse that 
Germany had become, that raped the rewards American innovators and inventors 
ke Thomas Edison and Henry Ford were particularly adept at commercializing 
the primary advances in technology emerging from European universities 

and laboratories, by 1914 launching the beginnings of Walt Rostow’s “age of 
‘mast-consumption” Here the American corporation, forged in unique colonial 
‘circumstances and transformed by the growth ofthe railroad emerged asthe 
‘entra economic institution of the Second Industrial Revolution This transition to 
‘mastive and rapid production would require enormous amounts of energy. Initially, 
this energy would come from coal, but, bythe 1920s, the consumption of petroleum 
Would begin its ong rise, 

‘Mot fundamental, n terma of energy, the Second industrial Revolution 
Introduced a new flexibility and intensity of power consumption Firs electric 
‘motors alowed a radical restructuring of work. Where with steam a single engine 
was inked to machines wit driveshafts, pears, and oops of lather belting, electric 
‘motors of many sles could be arranged throughout a workplace and along aline of 
work Now, and finely calibrated tothe application. Blectification drove arelentiss 
"doopening” of energy intensity ofthe economy the mechanizing of a host of 
‘complex operations formerly dane by hand - and itallowe the specialization 
‘oftas along a power-driven assembly tine frst designed and implemented by 
Henry Ford (ee Figure 1V.11) The result fundamentally undermined the ancient 
position of sil labor, while driving avast increase in productivity. Second, the 
Internal combustion engine brought inanimate power to transportation toarange 
‘of scales, from motorcycles and cars to buses and beavy trucks, and then with the 
‘Wright Brothers tothe air itself Again, the escape from the massive immobility of 
the steam engine allowed fra finely tuned application of power toa host of specific 
transportation tasks, multptying the range of economic activity” But this new age 
depended most importantly on moving beyood the infrastructural investments of 
the opening ofthe Second Industrial Revolution toward the marketing of consumer 
“durables to individual households. These include range of household gadgets, 
lights, stoves, refrigerators, vacuum cleaners, and, most important, the automobile. 
‘And to flly depend on the household for economic growth required steady 
‘employment and rising wages, qualities that would require anew framework and 
tole for public policy and governance. 

Both tensions and compatblties existed between the explosively transformative 
‘ew economy ofthe Second Industral Revolution and the agendas ofthe Atlantic 
reformers The new industries were driven by the pricrities and values of market 


‘capitalism, which stood in tension with thereformery wider socal vision. The pace 
‘of technological and scientific change fueled the anxieties of the middleclass around 
the Atlantic, which was both excited and unnerved by electricity, germ theory, the 
telephone, and the car But the new technologies achieved many ofthe reformers’ 
‘material goals The products ofthe Second Industral Revolution electric lighting, 
‘mass production of pumping and sewer lines, sreetars and subways, automobiles, 
‘new medicines all contributed tothe rebuilding of the urban landscape in ways 
that the reformers advocated and actively shaped. The internal combustion engine, 
‘for example, can be seen as solving the biotic crisis of feding and leaning up afer 
“animal traction” energy inputs were shifted from oats tool. Suggestively, adult 
‘white male heights recovered from the insult” of excly urbanization precisely with 
the mastive expansion of energy consumption in the 1890s, different measures of 
the wider transformation (see Figure1V 6). The result stil involved a tension between, 
‘commercial priorities of profit and the reformers’ vision of healtie, safer social 
‘environment, butat the time t seemed to capitalists and reformers that amutually 
satisfactory new paradigm was emerging, with gradually improving conditions for 
urban working peoples, and new suburban utopias emerging forthe car-driving 
‘middleclass. Aathe twentieth century opened, the scientific, medical, and 
‘Productive advances launched by the Second Industral Revolution were beginning to 
mitigate some ofthe worst ofthe “insults the "general environmental crisis" ofthe 
First Industrial Revolution, while twas sowing the seeds for new and much raver 
Insults and crises in the decades and centres to come. 


‘The Demographic Revolution, 1800-1945 


Lethe reformers saw improvements in the ves of the people ofthe North Atlantic 
‘uring the fist decades of the twentieth century, much of their effort revolved 
sound the parameters of whst we now know asthe Demagraphic Revolution, The 
‘conditions of fertility, mortality, nd general population growth were fundamental 
to the new world that the reformers and indusriaits were creating. 

Population growth sa function of levels firths and deaths: when births exceed 
deaths, population grows: when deaths exceed births, population fall, apy 
Looking back very briefly tothe origins of tuman population growth, tears 
‘emembering that during the Late Neolithic the balance of fertility and mortality 
had to have shifted enough to allow the rst significant population expansions 
‘This dd not occur with early domestication, but withthe innovations ofthe Late 
"Neolithic secondary products revolution, which estabished the beginnings of real 
agrarian households and villages, anda sufficient surplus to drivea burst of fertility — 
‘eforea subsequent risen epidemic mortality fueled by early urban concentrations 
“The result was the high-pressure demographic system of high fertiity andhigh 
‘mortality, which asilated with varying conditions (exgenous nd endogenous) 


until the modern demographic revolution Since the eighteenth century, a reverse 
sequence has been unfolding: fst mortality fell while fertility remained high, and 
‘then fertility fl, laving a society in low-pressure demographic system in which 
its members enjoy good general health and long fe expectancy Broadly speaking, 
‘thisis what has happened, fst n northwest Europe and ite settler colonies, then, 

In southern and eastern Europe nd then in various trajectories of completion to 
‘Asia and finally Afvica. This isa process that has tits center the epidemiological 
transition that has been developing in stages since the recovery from the Black Death, 
and that has spread in a very loose and somewhat controversial relationship withthe 
Wider proces of global economic growth. 

‘The demographic transition is described typically as broad social process 
‘that unfolded without conscious plan, But there is good reason to see the hands 

‘of reformers” at work, indeed from the fist quarantines imposed in post ‘Black 
Death italy in driving the epidemiological transition that drove the very frst steps 
‘ofthe wider demographic transition. Very broadly, the eighteenth-century tage 
‘ofthe mortality decline and the health transition depended fundamentally onthe 
Acton and context of sable governments and the action of circles of phycians, 
boginning to associate and communicate ln medical societies The suppression of 
the plaguein late medieval Europe was necersary beginning to the fis stage ofthe 
epidemiological transition -the waning of pandemics ~and the onset of the modern 
Aectine of mortality, and reached its most dramatic manifestations with the cordon 
sanitaire enforced by mlitary ation by the Hapsburgs onthe Ottoman frontier, and 
the quarantine of plague-idden Marslles by the French government in 1721. 


‘The second stage of the epidemiological transition was launched with the frst 
‘promotion of inoculation for smallpox in England inthe 1720s, apratice of 
Infect healthy persons with ative disease serum commonly performed in Asa, 
and apparently asa folk medicine n Europe Inoculation was only accepted widely 
after techniques were improved in the 1750s, and was superseded inthe 1790 by 
‘vacination, invented by Edward Jenner. As increasing numbers were inoculated for 
smalipr, a rapidly growing po! of smallpox survivars could provide close nursing 
‘cate during an outbreak, and made smallpox increasingly achilshood disease, 
Epidemic disease was giving way to endemic disease asthe focus of medical concern. 
Coming with a wider set of improvements associated with the early consumer 
revolution -mass produced gla, ceramics, cotton underwear the drastic 
reductions of death by smalipt in eighteenth-contury England paralleled declines in 
‘a general syndrome of diarthea and pneumonia that killed large numbers of children. 
‘Over the coming century inthe tind stage of the epidemiological transition — 
scarlet fever, diphtheria, typhoid fever, and whooping cough would alsobecomeless 
fatal. By the end ofthe eighteenth century, both adult andinfant-child mortality 
‘by disease across Great Britain and the American colonies were reduced to levels 
significantly below the norman the European continent. Asimportant, this decine 
inmortaity, and population growth, was achieved before sgniicant advances in per 


‘capita GDP, and it would appear that a stabilization of mortality was prerequisite 
for economic growth, rather than the reverse?” 


‘During the eary nineteenth century, this suppression of childood mortality 
spread into northern Europe in Scandinavia, most strikingly in Norway, andin 
France and Belgium. Germany central Europe, Rusia, nd southern Europe would 
ot reduce infant mortality to these northem European levels until 1900 or ater 
(ee Table V4). As measured by general mortality rates, which were shaped most 
Importantly by declining infant mortality, Norway keptits mortality rate below 
20/1,000 reasonably consistently from 181 forward: as of 1850, i was wellahesd 
‘fother European countries with infant mortality (toage one year) of 135 per 1,000 
lie birth. Sweden’ general mortality reached this threshold around 1845, the more 
Industrialized Britain and Belgium during the 1880s and 1890s, and France and 
‘Germany around 1900. The understanding of microbial rots of infectious disease 
‘stablished by Lous Pasteur and Robert Koch ha its most powerful immediate 
Impacts buta general attention tot, ight, and cleanliness contributed tothe 
decline of tuberculosis, the scourge of nineteenth-century industrial latrits 
‘Throughout, the decline in mortality acroes the nineteenth century was driven by 
sddvancing household cleanliness and public antation, powerfull ape by the 
‘fforts of reformers, campaign for Mteracy and primary education, and "lent 
revolution” in government 2 

In itn, a persistently higher mortality in the indusralzing cites was offset 
bya continuing high fertility rate, Dut in France, fertility was decining by the 17904, 
resulting na slowing of population growth that eventually began to concern French 
oficial faced with the threat of ising Germany. The differences between Britain 
and France were grounded in the diferent trajectories into the nineteenth century, 
Britain committed to full-scale industrial strategy, and France dominated by 
farm households defending thelr calms and connections tothe land and resisting 
urbantzation?? 


‘A mllary eazy fertility decine began among prosperous Americansin the 
sighteenth century beginning with Quaker farming households in Pennsylvania 
inthe 1750e, seeking to preserve a religiously sanctioned standard of ving for 
‘hei children. Tis eal fertility transition among the Quakers was fllowed by 

an emerging ideology of female self-control among American middling and elite 
families after the revolution, and then by amore general decne in American fertility 
among native-born families, urban and rural, riven by the logic of providing more 
‘Inancial and emotional resources for children living theives n an increasingly 
commercial industrial, and urban society >° Offsetting the gradual deinen 
American fertility arose the nineteenth century immigration brought waves of 
‘young men and women to American cities and farms. These sugmentations tothe 
|abor force improved the “dependency ratio" of workerstononworkers (young and 
ld) while it swelled the birth rate. This pattern was repestd in all ofthe “neo- 


Europes" that saw significant European immigration during the nineteenth century: 
the English-speaking United State, Canada, Australia, and New Zealand andthe 
‘new *routhern cane” of Latin Americ, Argentina, Uruguay and Chile. Allof these 
developing settler countries had a similar demographic profile large numbers of 
[migrants in their twenties and thirties having collectively large numbers of 
children, but at a declining rate over ime per competed family. Conversly, the 
‘circumstances of countries of origin ~ especially Scandinavis, pain, nd Italy had 
1 different demographic structure, in which the emigration of young people drove 
‘down thebitthrate, but also increased the dependency ratio, thr slowing economic 
‘development.** 

Generally, however, the Demographic Revolution broke across Europe and its 
‘colonies of tettlement from northwest to southeast, between the mid-eighteenth 
and early twentieth centuries. England the frst industrial adopter, was something 
‘ofan oddity, in tat lingering maderate mortality rates increasing inthe cites 
Were offset by a strong fertility; France was another oddity inits early fertility 
‘ectine, But the general pattern was fist adectine in mortality fllowed decades 
late by a decline in fertility. Thi stage ofthe transition was accompanied by a 
"gnlfcant rise in ife expectancy, on average acrous Europe from thirty-four to 
thirty-six years in the century between 1770 and 1870 to forty-three to forty-seven 
‘yearby the decade before World War L Ove the intervening decades, population 
‘ew particulary rapiy, nd ether was drawn into new employment o siphoned 
off in emigration. Two types of demographic transitions began tobe apparent: long 
nd short. The Gr starters took more than a century to bring down ist their death 
rates and then their birthrates ater starters could take far less time (se Table 1.4). 
“Thus Swoden, and probably Norway, England, and Wales, had reached a minimal 
‘benchmark rate of 200 infant deaths per 1,000 ive births around 1800, but di not 
‘ring their birthrates below 30 per 1,000 population untilthe 1880s and 1890s; 
‘Spain and Italy each took forty years to it both of these goals, between around 1880 
snd around 1920; Hungary achieved both of these goals within thre years, in 1920 
and 1923.1 This accelerating rate of demographic change reflected the accelerating 
‘cumulative mnowledge in science, medicine, and technology that made up the second 
‘Sclentific-Industral evolution unfolding from the 1870s to the outbreak of World 
‘War During the ensuing interwar decades, economic growth and the demographic 
transition began to unfold more widely asthe benefits of publichealth and primary 
‘medicine began to reduce mortality in Japan, Taiwan, Veneruea, Sri Lanka/Ceylon, 
and Mexico: smaller countries with increasingly effective governments 


1914-1945: A World in Crisis, Growth on Hold 


By the frst decade ofthe twentieth century, the benefit f the wider transition ofthe 
Second Industral Revolution and the construction ofa healthier lived environment 


began tomitigatethe“insults”tothe health and welfare of working peoplein the 
‘expanding industrial core ofthe North Atlantic world. Adult height in England and 
‘the Unite States began to recover from the worse ofits slump during the 1880sand 
1800s. English working people had significantly more wage income, and were abeto 
‘purchases wider array of amenities than they could fifty years before. 

‘But the world stood on the edge of three decades of criss a First Grest Interruption 
‘ofthe modern economy. Two world wars, worktwide epidemic along and shattering 
‘economic depression, andthe rise of dictatoral-collectivist regimes stalled the 
seemingly inevitable trajectory of economic and social progres that had been 
sccelerating sincethe 1870s Ina brutal irony the entire sweep of world wa, 
‘depression, and state-generated famine and genocide spanning from 1914 tothe 
1950s has tobe seen asa unitary, interconnected crisis generated by the forces 
unleashed by the Second Industrial evolution combined with the acelerating pace 
‘oflatenineteenth-century imperialism. 

‘World War had its origins in the complex network of secret treaties that 
‘bound «coalition of European nations to mutual defense in response tothe rise of 
(Germany after its nation-building victories in 2866 and 1871, andi the explosion 
of industrial capacity after 1870 that drove the arms ace that was solidifying the 
‘emergent “miltary-industral complex” The war launched thre decades of global 
‘mortality crisis that can only be called state driven. Nineteen million men were Kled 
betwoen 1914 and 1918, andthe war's immediate aftermath brought an epidemic 
that overshadowed even the laughter ofthe war itself The Spanish influenza" 
‘epidemic of 1918-19 elle at leat 50 milion -and perhaps 100 milion ~ people 
‘round the world anda controversial argument suggests that helped totip the 
‘balance forthe Ales, striking earlier and harder in Germany and Austria. Between 
1917 and the 1930s roughly 14 milion ded in civil war, famine, and state violence, 
ss the Russian empire was transformed into the communist USSR. Then the rise 
‘ofthe Naz regime in portwar Germany, and the expansion of japan into China, 
orea, and Southeast Asia, launched the world again into total war that withthe 
_Benocide of the Holocaust -led toa total of $2 milion dead between 1939 and 1945, 
In the next decade, between 14 milion and 26 million died of famine in China, as 
Mao forced the colletivization of agriculture and industry 


‘The origins andthe course ofboth world wars were shaped by two vital 
‘commodities: food and oil in great measure, the roots ofboth wars layin Germany's 
sense that tha lost the race for nineteenth century empire, and would have to 
«carve one.ut onthe Eurasian continent; Hitler visualized a German landed empirein 
{he same termsasthe United States’ conquest its west Allied access to American 
food during World War and the ies’ blockade of Germany and Austria, was 
‘certainly a key determining factor inthe eventual cutceme of four years of bloody 
stalemate_Even before they wer assailed bythe Spanish” flu, the Central Powers, 
military and civil like, were being literally starved into submission Food security 


asa fundamental part of Hitler’ plan to conquer Eastern Europe and Russi 
‘lion of Jews, Slavs, and Russians were tobe starved to death, their lands allthe 
way tothe Urals tobe settlad by German farmers The Holocaust aguinst Europe 
Jewry was only theft step. similar aniety about food drove Japanese expansion 
‘during the 1930s: the miiarst feared that rural Japan was falling into spiral of 
‘overpopulation and decline, and visualiaeé Manchuria and Chinaasa vast terain 
for transplanted Japanese farming households. Again, secured by blockades and 
rand naval control, the agricultural productivity of the wider English-speaking 
luperal domain provide critical sustenance for victory, while Axis soldiers starved, 
But as wartime prices escalated, British bureaucrats in Inia utter fled to stave 
‘off famine in Benga, which killed 3 malin people, half the death toll of Hitlers 
Holocaust >” 


‘Thecourse of World War I gradually focused attention on lit was the fist major 
war fought on the back ofthe internal combustion engine. Paris was saved from 
German capture in September 1914 by a otillaof taxis commandeered to move 
troops tothe front: by 1916, the British government was worrying about a shortage 
‘of iesel and gasoline, and an expansion in American ol production eventually 
provided 80 percent ofthe ol the Allis needed. While the British set their sights on 
securing Arabian ol, Germany moved southeast, capturing the Rumanian ol feds; 
ts falture to secute the rich Azerbaijan elds helped bring the wart an end. the 
origins of World War Itty in ational aspirations these aspirations required oil ax 
Well Germany's fallueto gain control of olfeds in Rusia, Azerbaijan, and Arabia 
sealed its ate, while Japan struck against the Americans, the British, andthe Dutch in 
the Pacific ina decisive if ultimately unsuccessful effort to ensure ol production fora 
‘Japanese: Asiatic empire American oll production was once again a decisive factor in 
the Aled victory in World War 


Aled victory in World Wart more importantly involved a sweeping 
transformation inthe role government inthe economy and society that had 

Its ootsin the reforming movements ofthe ea the launching ofthe Second, 
Industral Revolution. Very broadly, starting with thelatenineteenth-centuy effort 
to-build healthier urban environments, governments in Germany, France, and Great 
Britain, and nthe American states, i not yt the Unite States government, began 
to take an increasingly large olen shaping the welfare oftheir peoples The French 
overnment was alarmed by the phummeting French fertility rate afer its defeat by 
the Germans in 1871, and beganto actively encourage Inger familie; itis officials 
‘were equally alarmed tthe turn ofthe century during the Boer War by the small sae 
andl health of urban recruits The Bismarckian regime established paternalistic 
‘welfare and insurance systems that became the building blocs of central elements 
‘ofthe “national socialism” ofthe Nazis In Rusia, the communist dictatorship was 
‘rounded onthe Marast vision that capitalism inherently violated the welfare of the 
People, requiring total state control 


‘The American version ofthis welfare state wasin theend the more decisive. 
Building onthe Progressive reforms in states and cities atthe turn ofthe century, on 
‘the example of succesful interventions after the San Francisco earthquake of 1906 
and in war-ravaged Francein 1918-20, and on th outrage that met the government's 
{allure to act during the 1927 Mississippi floods, Americans were ready when 
‘Roosevelt launched the New Dea in 1933, after four years of the Great Depression *° 
“The Nev Deal legislation of 1933-4 established framework of fra national 
‘regulation of the financial sector, and some limited efforts at direct reli In 1935, 
‘under threat from a populist challenge, Roosevelt established the Socal Security 
‘System, But he could not quite bring himself to abandon a firm tradition of balanced 
books in government, and thus resisted the advice of British economist John Maynard 
Keynes to adopt “fiscal strategy” of spending government money heavily to offset 
‘the failure of privat capital to invest. The country lurched into a second decline 

in 1937-8 before military spending had the Keynesian effect ofumpstarting the 
‘economy. (In Germany and Italy, military spending ad this Keynesian effect from 
the mid-19301) This experience, and that ofthe massive governmental planing and 
‘ction to win atwo-front war, fundamentally inserted government nto the tructure 
ofthe economy, The United States government, which after World War Il was the 
‘mort powerful entity in the entire world, woul have a fundamental roe in driving 
new technologies that were vital to national defense It would use the monetary 
ower ofthe Federal Reserve to modulate the ebb and flow of the economy and to 
‘maintain the dynamic of economic growth that ll saw as vital to prosperity and 
socal peace. Given circumstance and mandate the federal government stood capable 
of advancing social justice and exerting vast power in the matketplace. During the 
‘decades folowing World War Il, the European and Japanese governments were even 
‘more committed to administering polices of economic recovery and social welfare as 
part ofa wider postwar rola contract. National governments, particularly the US. 
government, were now an inherent part of the global economy, and its relationship 
wit the wider earth system.*! And around the word, vast nd growing populations 
during the postwar decades hoped to join in the prosperity thatthe US. government 
seemed to guarantee, 

‘The interconnected crises of the frst hafofthe twentieth century slowed - even 
stalled -the course of economic growth that should have spun of from the Second, 
{Industrial Revolution, even while important energy transitions unfolded. The reach 
of such growth would have inevitably been slow n developing from its origins in 
the 1870s, when a series of inventions ~no matter how consequential - would have 
‘twreplace the high-pressure steam engine regime that had just comecn tine inthe 
1850s and 1860s. Thasitie not unreasonable to ee the entire period between 1870 
and 1945 asone ofa long arduous transition. Such is thecase inthe energy history of 
‘the Unite States, emerging as the most dynamic ecanomy inthe worl. The Second 
‘Industrial Revolution overlapped inthe United States with preindustrial rz coal 
surpassed wood asa source of energy only in 185, and reached 75 percent in 1901, 


‘when petroleum, natural gas, and lydrocectric power were collectively still smaller 
‘energy sources than wood (se Fgure1V.10)-Coal supplied 70 percent or more ofthe 
‘energy inthe US. economy through 1920, when petroleum and natural garbeganto 
row in importance, reaching 50 percent ofthe energy supply in 1938, though coal 
‘use would expand during the war years“? 

electricity was repowering America, coal played an important but ultimately 
mite role Abouta third ofthe electricity generated between 1920 and 1950 came 
‘rom hydroelectric dams, but this proportion actualy declined from 40 percent in 
1920 to 28 percent in 1950. From 1930, about half ofthe total electricity enerated 
‘inthe United States came from burning coal: prior to that its proportion was much 
higher But only about 10 percent ofthe coal consumption in the 1920s and 1930s 
was devoted to electricity: most (~75%%) wasn relatively ol-fashioned uses in 
‘manufacturing, mos oft for heat and energy? Thus the nineteenth century 
energy structure lingered well into the twentieth As important as electricity was 
becoming in American manufacturing and household life the fullimpact ofthe 
‘electrical revolution” would only come after World War I. Before the was, electrical 
ieneration per capita waslow by modern standards: uring the erly 1930 was 
fifth of what it would be fn 1956, and tenth of what it would be in 1970 (see 
Figure1V.11) Nonetheles the structural transition was under way, Wiring of 
‘domestic houses and apartments advanced sharply, rom about 10 percent in 1910 
to just under 70 percent in 1930, stalled uring the erty yeas ofthe Depression, 
and then advanced again with Roosevelt's aggresive efforts to bring electricity to 
rural America. The purchasing of automobiles flowed a similar trajectory, and 
also stalled during the Depression at around 78 percent In Europe, there were far 
fewer cars and les electricity;only the small, mountainous countries of Switzerland, 
Norway, and Sweden with great potential for hydroeectrical development, 
surpassed the Unite States in electrical generation per capita. tn 1040, the United 
Kingdom, once the gest industrial lender, had one ar for every thirty-four people, 
‘versus one for every five people in the United States: it generated les than 600 
Ielowatt hours per perton while the Unite Stater generated more than 1,000. 


Behind these figures ly faltering word economy, devastated bythe First World 
‘War and its aftermath, recovering to colapse into stagnation and autarky inthe 
19306, and then devastated again by World War IL Ifthe United States had advanced. 
partculaty sharply before World Warland then again during the 1920s, its 
economy fel particularly hard during the 1930s, butthen surged during the Second 
‘World War as it became the industrial powerhouse forthe Allie effort. Driving the 
‘reat surge in US. productivity inthe early 1940s lay the government's shift toa full 
Keynesian policy of massive deficit spending and macroeconomic management. 
(One of the legacies would be permanent ink forged between government, 
technology, and economy that would lock in the United States as the world leader 
inthe framework established in the 1870 atthe launching ofthe Second Induetrial 
Revolution aink that may rmay not-haveledtoa"Thid Industrial Revalution” 


‘beginning inthe 19705 As important, these Keynesian policies put money in 
‘the pockets ofordinary American, who would start to spend wildly on energy 
‘consuming household durable goods after the war. Indeed, the Depression was 
‘probably intensified and extended by the relative poverty of ordinary Americans 
{nthe 1920s Thelate 1920s saw speak of wealth and income inequality that had 
‘ben rising sharply since at east the 1890s, and asof 1929, 71 percent of American 
households earned less than $2,500, at or below the poverty line Forty percent or 
fewer owned their own houses” As of 1929, Americans spent cllectvely 6.8 
billion, 9 percent oftheir annual consumption, on durable household goods and cars. 
‘With the postwar boom, things began to change: in 1950, this igure had risen to $26 
billion, yet was only 14 percent of total consumption 

‘Thus the ‘payof”of the Second Industrial Revolution, the shift from Restow's 
lnvestment in infratructureto the Age f High Mass-Consumption,*camein 

slow motion, delayed by the combinations of war, epresicn, andthe fllure of 
|Fovernment to move soon enough tointerwene in the capitalist market. If war and 
depression were aftershocks ofthe late nineteenth century conslidation of global 
‘economic power, too there was systemic criss driven by fllureto adjust wages 
to the ogi of the new mass production economy, resulting n underemployment 
and underconsumption that contributed tothe global slowdown.” And this was in 
the economy atthe technological cutting de ofthe Second Industral Revolution; 
for af ts problems, the United States was more dynamic than post-World War 
"Europe, anda world away from Asa, Latin America, and Africa, which in several 
‘decades would be redefined from “colonial” to Third World" The reach and depth of 
Industratization was stilt circumscribed, even faltering, during the first decades of 
thetwentiath century 


Environmental Impacts, 1870-1945: The Second Wave 


While the Second industrial Revolution helped to mitigate the worst of the crisis 
oflocal hazardsin the new urbanized society, also launched new regional 
environmental impacts Serious as they were, however, these impacts were stil 
within a manageable range, relative to more recent history. 

“This second wave of human-created environmental hazards, most obviously 
Industrial potion of air and water, was fst adresse in the wider framework 

of urban reform. The same broad stratum of reformers who were concerned about 
sanitation inthe growing Euro-Atlantic cities were also concerned about the 
particulates and smogs brought by unrestrained coal Burning “Great smogs" could 
‘alas happened in Glasgow in 1909, inthe Meuse Valley of Belgium in 1930, andin 
‘London in 1952. The manufacture of cars, engines, and wesponry produced rising 
‘emissions of tic metals ike cadmium, lad, nickel, and ine. During the 1920s, 
‘withthe rising numbers of cas and trucks, especially inthe United States, the 


‘established smokestack source of emissions was augmented by atallppe source. 
Abatement of automobile pollution would not begin until the 1960s, buteffots 
to contol emissions of fy ah, containing various forms of heavy metal, begtn 
by 1915 in New York City, with the installation of various mechanical devices 

and ters to reduce the volume of soo, with limited succes. Large coal-burning 
tities replaced these devices in 1929 with electrostatic precipitators that were 
shout 90 percent effective. Smaller industrial factories as wellas private houses and 
apartment buildings, continued to burn coal without fly ash controls into the 1950, 
but by 1940 about 60 percent ofthe fy ash was being trapped? 

‘These were only the polution effects that most obviously affected a particular 
locality, and that had the most obvious and immediate impacts on health. CO; 
would havea long-term global effect, but one that was invisible a the time. Another 
Invisible effect was also at work one that hada particularly regional or ~rather~ 
hemispheric impact. Burning fol fuels emit sulfr dioxide, which oidies inthe 
stmosphere into sulfuric aid, kay component of sulfate aerosls, 


‘As do sulfate aerosols caused by vaeanic eruptions, foul fuel- derived aerosols 
havea cooling effect, both by directly defectng incoming solar energy, and by 
contributing to cloud bulldup.*# But building up the troposphere rather than the 
stratosphere, aerosols havea regional atherthana global impact, and precipitate out 
ofthe atmoephere relatively quickly requiring constant renewal Such would have 
been provide by the North Atlantic economies cf the Second Industrial Revolution, 
particularly in the constant expansion of emissions before the First World Wat 

‘The frst indications ofthe industrial emission of sulfur dlande and conversion 
to sulfate aerosols ie apparent inthe Greenland ie cores by the 1870¢, nd climbed 
ramatically around 1900, dipped with World War land the Depression, and then 
climbed again during the 1940s. The fos fue-sulfate aerosol effect -and acid rain 
Would have had strong effect downvrind ofthe emissions, in plumes reaching 
‘eastward for hundreds of miles Rising sulfate aerosol levels resulted in regional 
‘cooling, counteracting the general plobal trajectory toward warming, These regional 
cooling effects exerted the strongest effects in eastern North America and the 
adjacent North Atlantic, and in northern Europe and the Eurasian regions tothe 
ast? (see Figure IV. 9b and 1.34). 


By contrast tothe short-lived sulfate aerosols, CO, persists forlong periods of time 
inthe atmosphere before the global carbon cyle wathes it out. Thus, in an emerging 
tcony, industrial emissions from northern economies were beginning tocontzibuteto 
A long;-term warming ofthe planet, with particularly strong effects at the tropics and 
the Arctic, but that warming was offset inthe northern hemisphere witha regional 
layer of coling and cloud-producng sulfate aerosols. Except for one prescient 
scientist n Sweden Svante Arrhenius, who began to think about the possibility of 
‘label warming in the 1890s, these global effects were not noticesbleto people who 
‘had more immediatly pressing matters on their minds. 


‘Theemistions history ofthe period between 1870 and 1945 is marked by three 
‘patterns Fret, industrial emissions followed an accelerating curve of growth from 
‘the 1870s that marked the staggering increase of coal consumption (and thebare 
beginnings ofl and natural gas consumption) that drove the advanced European 
and North American economies But this smooth ascent came oan endin 1913-14, 
at the beginning of World War Having increased since 1870 by morethanafactor 
‘of five in forty-five years, global emissions would increase by less than half during 
thenext thirty-five years. If this sequence of growing and slowing of industrial 
‘emissions comprises the fist two patterns, the thirds angle arc of agricultural 
‘expansion inthe tropics running continuously from 1870 to 1945, roughly tracking 
the rate of global population growth. These rising land se emissions were driven 
byagricultural expansion inthe tropics and Chins, while the land use emistions in 
United State faded in importance ** Where industrial emissions surpassed land use 
CO, or methane emissions individually around 1910, n combination these two and 
se greenhouse gases stil exceeded industrial totals through 1960 (ee Figures 1V.7, 
Was, 

Inthe industrial emissions were sill lower than land use emissions ax ofthe 18908, 
‘hey were very significant. Virtually af them were produced by the developed 
‘sconomies ofthe United States and Europe. European emissions le the United States 
‘through about 1905, and then leveled of for three decades starting with World War 
Jythe US emissions rate increased sharply from 1405 to 1928, collapsed withthe 
Depression, and then surged upward with World War Il and the postwar expanion. 


‘There were two reasons forthe decline in the rate of emissions in the 19205, 
{volving paradoxically both the talling trajectory and the spreading impact of 
the Second Industrial Revolution. On one hand, the crise of war and depression 
reduced the pace of eat twentieth century economic growth, and with these wars 
and depressions industrial emissions declined. Onthe other hand, the direction of 
technological change inexorably shifted the North Atlantic economies away from 
‘coal and toward cleaner-burning petroleum and natural gas Measured by metrictons 
of earbon emissions per gross domestic product, ll of the earty indusrializers had 
Peaks of rt" industrialzation*(see Figure V8, 1V.10)The United Kingdom had 
Its dirtiest period per economic output between the 1850s and 1905, the era of the 
high-pressure steam engine, theUnite States and Germany from the 1890 to 1920. 
Belgium emissions peaked during the recovery after World War Germany had a 
‘arty recovery after World War. 

‘But from thee early twentith-century peaks of emissions/GNT, the trajectory 
in there Atlantic economies was toward lower emissions per GDP This slowing of 
‘emissions was shaped by increased technological efficiencies and the transition 
‘rom dirty coal to cleaner oiland gas After World War Il such advancing eficiencies 
‘would be gobbled upinan expanding economy, andthe rate of total emissions would 
‘explode, ifnot a fast asthe increase in per capita GDP* But inthe context ofthe 


‘economic stagnation ofthe interwar period, the advancing efficiencies and the fuel 
‘transition meant that overall emissions rates were lower than they had been before 
1914 and would beafter 1945. Without the sowing of emissions starting with 
‘World Warf industrial emissions would have exceeded lind use emissions around. 
1920, and the entire curve of emissions might have advanced as much a forty years 
‘earlier. Thus for allo the miseries ofthe ealy twentieth century depression and war 
‘delayed an impending climate criss by many decades. 

‘Whatever their sources, these emissions had their impact, though the ce core 
‘measures of atmospheric pases can only give us general tends, rather than curate 
year-to-year or decade-to-decade osclations (see igure V4). Atmospheric COs, 
‘ss measured in a smoothed sequence from the ce at Law Dome in Antarctica, began 
to ise during the 1840s and 1850s, moving from a near-Holocene-normal 285 ppm 
toa distinctly elevated 310 ppm in 1945. Sometime between 1875 and 1880, this 
‘measure slipped past the highest ice-recorded measurement inthe past 800,000 
_years(298.2 ppm at 332,500 ybp in Marine sotope Stage 9), about $0,000-75,000 
_yeas before the putative origins of Middle Paleclithc technology and modern 
human anatomy Since the 1870s, the global atmospheric CO; levels began to reach 
levels not sen since the emergence ofthe genus Homo nthe late Pliocene. Pecbaps 
responding tothe advancing pace of agricultural emissions inthe tropics and China, 
atmospheric methane also increase, after along rise from 1740, accelerating around 
1900, 


Emissions and new concentrations of greenhouse gases had thelr first impacts 
‘on global temperature during thes decades Temperature estimatet mark the early 
twentieth century ata period of significant warming (se Figure V.14) Thelong- 
term tree rng measure sugpets that temperatures on average inthe northern 
hemisphere rose above the peak ofthe Medieval Warm Period, about AD 75, 
tometime between 1935 and 1940." Some of his increase was due to increasing 
solar influence, recovering from alate nineteenth-century temperature decine and 
the slowing of volcanic activity in these year (which would have cooted the earth 
‘by putting solar detecting sulfate aerosols in the stratosphere) But itisalso the 
“contensus among imate scentists that greenhouse gases from human sources 
‘began tohavea warming effect during these decades. Herethere is something of 
Parador, discussed in detail in the next chapter. Global temperatures rore during 
the First Great Interruption, during decades of depression and war, when the rate 
of warming CO, emissions slowed, But 20454 the rate of cooling sulfur dicxides 
‘The result was thatthe great and persistent volumes of industrial andland use CO; 
“dechargad ince the middle ofthe nineteenth century were st workin the warming 
‘ofthe Great interruption of 1914-45. The persistent and now unmasked greenhouse 
‘ses, products of the nineteenth-century land boom and the Second Industrial 
Revolution, were the human contribution to mearurable pobal climate change "® 


‘Theeraof this First Great Interruption, from 1914 to 1945, wasodly the calm 
before the storm of global transformation. As traumatic and horificas the course of 
human events was during these decades, the coming mid-twentieth century decades 
‘of prosperity would have an even more profound impact on human history andthe 
‘earth yrtem. World populations would more than double and a“cecond great ruper- 
‘yee expansion” ofthe modern industrial economy would generate environmental 
Impacts of global consequence. 
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13 Growth beyond Limits: 1945 to Present 


‘Thearc of history since the end ofthe Second World War constitutes a fundamental 
new departurein the human condition Building onthe global each ofthe war itself, 
‘the technologies of the Second Industral Revolution suddenly penetrated every 
‘comer ofthe earth. The result was massive and virtually instantaneous Populations 
‘mushroomed. And if economies have not been adequate to supply thelr aspirations, 
‘the energy mobilized to supply their neds is now literally transforming the earth 
tystem. The Anthropocene has arrived, 

‘Underpopulation, not overpopulation, threatened ancient and medieval agrarian 
‘cates. When populations grew during climatic optimums, they generally 
‘managed toachieve incremental improvements to agricultural productivity. But life 
was not pleasant. A pervasive hierarchy ~and poverty ~shaped the human condition, 
‘A peasant family in the late Biddle Ages, on average, hada standard of ving not 
unl that ofa peasant family in the Brose Age, and probably the ate Neolithe 
Average life expectancy at beth ranged from the low twenties tothe mid-thirtie at 
bt. 


But these socetes were amazingly durable: they lasted for hundreds of years ata 
stretch and then only collapaed when they were imply hammered by earth system 
‘forces-theve crises were driven by exogenous factors of the natural environment, 
not endogenous pressures of overpopulation. And these societies didnot severely 
Aograde their environments: much of what eater environmental historians have 
described as the negative environmental impacts of ancient societies i turning 
‘out tbe driven by natural causes. This perspective allows us toreconsider the 
“Malthusian calculus, broadly conceived. Ancient populations suffered poor 
Individual life outcomes, with poor health and low life expectancy; conversely, 
‘hey impose relatively low environmental impact and enjoyed long-term societal 
sustainability. Whatever their aw, and there were many, ancient societies should 
not be condemned for any major environmental failings. Modern populations by 
‘contrast, enjoy excellent and improving high individual outcomes, with amazingly 
‘geod health and high life expectancy, and are causing systemic changes onthe entire 
_lobal ecology. Whether they are sustainable is very much an open question. 
Invery recent memory, the double-edged sword of science and industry has 
carried humanity through great and paradoxical transition to prosperity and peril. 
‘Throughout the world, people attuned tothe pelle upon us are sobered By how 
‘much it will ost and how longi will take to construc anew energy system toll 
the place that fssl fuels naw occupy inthe delivery of essential services to massive 


‘new populations around the wold. The transition from archaicto modern has taken 
several hundred years, but the fundamental departure has unfolded inthe course of 
single lifetime since the end of World War IL Therapicty of this changes sobering, 
‘butts blinding speed may suggest that humanity can and should change course 
nyet another lifetime. 


‘The Demographic Revolution, Part II: 1945 to Present 


‘Thecritica calculus of global well-being shifted after 1945. Twobroad conjunctures 
‘of geography, economy, and demography that departed from this historic 
relationship shaped the world during these decades Inthe developed temperate 
Nort, the so-called First World of Europe, North America, Australis, New Zealand, 
‘nd Japan experienced moderate population growth combined with an economie 
‘expansion never seen before in word history. In an underdeveloped tropical South, 
the so-called Third Worl, population exploded, while economic rowth hat come 
‘more slowly and fitflly. With this enormous expansion ~ifit may be abating bas 
‘come the problem of feeding and employing thee unprecedented mumbert 

‘The population numbers tela fundamental partof the story. At the end ofthe 
‘calamitous fourteenth century” worl population stood a roughly 380 milion; 
by sometime between 1700 and 1750, shad roughly doubled, biting alevel three 
times bigger than the peak ofthe ancient world. Crossing the one billion mark just 
after 1800, global population doubled its early eighteenth-century numbers around. 
1875, to roughly L.4 bin. By the close of World War It stood at 25 bilion, 
‘of which the largest single group, about 30 percent, consisted af the peoples of & 
‘developed temperate North extending from North Americato Europe theUSS.R, 
‘and japan. Then, nthe waka ofthe war, populations began to expand everywhere. 
“The developed world had a post- Depression and postwar baby boom that temporarily 
reversed trajectories towand lower fertility, and lasted until 1960, Populations 
‘expanded massively in the tropical South asthe epidemiological transition 
spread definitively beyond the industrializing world Between 1500 and 1900, the 
‘population ofthe global South reduced from #1 percent to 6# percent ofthe global 
total by 2000, it rebounded to 8 percent, and wil clearly increaseinthe next several 
decades, 


‘Postwar population growth in the developing word had its rots ina combination 
of factors The discovery of pencilin inthe 1920s was important as were advances 
In disease control and public health, stemming in somemeasure from Allied 
successes in keping troops reasonably healthy inthe tropics during World War 

1. Mosquite control programs, flowed by DDT campaigns radically reduced the 
scale of malasia in the tropics by 1970. In ation simple improvements in waste 
Aisposal, involving careful placing and contra flatrines rather than expensive 
sewage systems, had dramatic results in reducing mortality Particularly important, 


‘education and literacy, expecially among women, hada very important rolein 
‘ducing infant and childhood morality, as women could become pat ofa wider 
effort at improved rantation and mutrition for theirchildren. And quite strikingly, 
‘economic development per se, though nat insignificant, hada somewhat muted 
rolein increasing life expectancies The United Nations demographic data divider 
the world intoa more developed “north” (Europe including Rusia, North America, 
‘Australia/New Zealand, and Japan), les developed “south,” andthe forty-nineleast 
‘develope countries, the large majority in sub-Saharan Aftica and south central Asa. 
In the more developed world, where CDP\capita quadrupled life expectancy grew 
from ~66 to ~76 between 1950 and 2005, while inthe second-tier less developed 
world, where GDP per capita doubled, it grew from ~81 to 67, Lifeexpectancy inthe 
‘hinder least -developd nations ~with GDP per capita barely moving forward from 
seventeenth-century European conditions lagged behind but still advanced from 
3610-543 

‘The other dimension ofthe demographic transition advanced as well,however, 
Despite the alarm sounded inthe 1960s about the ‘population explosion, smaller 
‘countries with good educational systems managed to move through the fertility 
tranaitlon reasonably gulch, n some cases ina generation oo, The second-tier 
less developed countries cu their birthrates in half between 1970 and 2000, while 
the least developed countries saw a drop of about 25 percent In Singapore, the crude 
biethrate dropped from 40 per 1,000 population in 1959 to ess than 20in 1974; this 
same drop occurred in Set Lanka between 1943 and 1992, and in Talwan between 
1950 and 1984, Here again, rising rates of literacy and education have hada powerful 
role in reducing fertility as women throughout the world ain increasing knowledge 
of and control over thelr reproductive lives China achieved a striking drop in births 
{nthe 1970 through the coercive one-child policy Between 1950 and 2005, the 
second:ter developing countries cut their birthrates from ~43/1000 to ~20/1000, 
with an accelerated decrease from the 1970sto the 1990s, while the least developed 
countries cut their rate from =48 to ~37, with significantly lower brthrates not 
projected until after 2020, The mos significant exceptions lien sub-Saharan Africa, 
where the birthrates are still generally inthe fortes pe 1,000, and where AIDS has 
Increased adult mortality a epidemic tos 

‘Thus the emographic transition has spread and acelerated from its origins in 
northern Europe, where took century a moreto complete Demographers now see 
{demographic convergence” in motion tobe completed sometime during the next 
forty to fifty years, with rates of fertility and mortality relatively equalized 
‘throughout the world” Butin the cours of this transition, populations have risen to 
‘Malthusian levels, more than Sftzen times higher than the medieval level. One 
consequence of population growth and expanded cash cropping for expart as 
‘been a massive clearance of and for agricultural uses and timbering, most 
sramatiallyin Latin America, but alsin South and Southeast Asa. The results have 
‘been intense pressure on delicate tropical habitats, as well as lahal effects, including 


a surge of carbon and methane emissions and the loss of tropical forest function in 
drawing down carbon. In some cases, lands cleared have been forest covered since the 
beginning ofthe Holocene or even before: in others we are seeing areversslof the 
reforestation that followed the great Amerindian epidemic (see Figure!V.1,1V7). 
Even with these new tropical roplands, the pace of population prowth outstripped 
the pace of food production, and starting in the 1940s in Mexico and then expanding 
through the 1960s, concerted effort called the Gren Revluton was launched to 
Increase food production in developing countries New hybrid high-yield crops were 
‘developed, and massive amounts of synthetic nitrogen based fertilizers and 
Pesticides were deployed The result was a huge increase in the food supply, but also 
‘narrowing and ‘corporaizing”f the global seed stock, as wells massive impacts on 
both water systems and the atmosphere fom the volumes of nitrogen applied. 
‘Because this modernized agriculture requires huge amounts of water, {x causing 
significant shortages and tensions ~in semiarid India Pakistan, and the Middle 
East? Increasingly, and particularly in Latin America the trajectory of population 
|rowth and the corportization of agriculture has led toa massive urbanization inthe 
developing world Currently, Latin America stands atabout 65 percent urbanized, and 
‘Aftica lags at less than 40 percent; sometime between 2020 and 2045, the developing 
world asa whole wil reach 50 percent urbanized, pont thatthe developed world 
reached aa whole during the 1940s. The developing world is moving toward athree- 
ocial order: A small but growing middle clas, sharing sprawling urban spaces 
with lange numbers of people living in vast barrios and shantytown slums, displaced 
from rural societies that an only be described a imploding. The failure of these 
‘conomies to support growing young populations is amply iustrated by the flood of 
economic migrants seeking employment in Western Europe andthe United States 
during the past decades * 


‘The Age of High Growth and a Third Industrial 
Revolution? The World Economy, 1945 to Present 


‘The Unite States emerged from the Second World War asthe sole surviving 
functional industrial power, nd during the next several decades became the model 
for the sucessful mobilization of the Second Industrial evalution nto Rostow's 
“age of High-Mass Consumption” The American Century” (projected after abrief 
fear ofa return to depression) was tobea utopian ageof unlimited high economic 
_rowth. Fortwo and a half decades, something lke this vision cameto pas, if 
enturned with the anxieties and distant wars ofthe Cold War struggle. With the 
‘United States leading the way, the world began an unprecedented advance. 
sconomic growth and demographic expansion Italsolauncheda startling assault on 
_slobal ecosystems andthe atmosphere itsalé 


‘This sixty your period breaks into three phases:an American-led expansion to 
1973, a global economic stagnation running into and through the 1980s, ndthen 
tn epoch of global transfer of production inthe context of n apparent shift into a 
“knowledge revolution,” or “Third Industrial evolution” that ie defining the coming 
‘century, Together these trajectories comprise what canbe called the Secand and Third 
Great uper-Cycle Expansions of the modern economy. 

‘The United States was the primary beneficiary and engine ofthe initial explosion 
‘of growth. From 1870 to 1929, US. gross domestic product grew at an annual ate of 
1.9 percent; between 1934 and 2003, it grew at an annual rate of 2.75 percent; during 
thetwelve particularly prosperous years between 1961 and 1973, itaveraged 3.24 
‘percent. As Europe and japan recovered from the devastation ofthe wa, they Joined 
inthis explosion of prosperity. The rurge of the “northern economies” from 1945 
‘twthecarly 1970s was firmly grounded in their head start since the ate nineteenth 
‘century: the pottwar boom was in great measure the ultimate realization ofthe 
‘Potential ofthe technological system nunched during the 1840s and stalled since 
1914. 


In particular, the 1960s were a notable period of interrupted growth driven by 
‘consumer durables. The 1920sto 1940s had ven the rapid spread of radio and 
‘lower spread of refrigerators and washing machines; the portwar decades maw the 
spread of more electicity-consuming household goods: TVs, stereos, VCRs, DVD 
players, personal computers and now a vast array of personal electrics, Where 
before the war electrical housebld appliances had been particularly American, by 
the 1960s, global consumption system was developing that included all ofthe 
‘more prosperous economies by the 1970s, manufacturing for this plobal energy 
‘consuming market had spread beyond the United States tothe advanced European, 
sand Axian economies 


‘At the center ofthis expansion ay the hey drivers ofthe Second industrial 
Revolution: the combination of ptzoieum, the exible distributed power of sear 
andj turbines, electrical systems and variable-sized electric motors, andthe 
Internal combustion engine. As measured by electrical generation and the numbers 
of privately owned car, the economies of Western Europe, the United States,Canada, 
‘Australi and New Zealand were ll broadly similar by 1960 and converged even 
‘more markedly over the next decade” Energy supplies lay atthe absolutecenter 
‘ofthis explosion of growth. Per capita electric generation was measured inthe 
hhundeeds ofkitowatt (KW) hours during the 1940s, and bythe thousands during the 
1980. These were the drivers ofthe Second Great Super-Cyce Expaneion.® 
‘Throughout most ofthe developed world, the postwar years brought arelatively 
‘rapid transition from coal toil nd then increasingly to natural gas, which wae 
‘more efficient and cleaner. Trains were converte to diesel, and then were displaced. 
‘twa significant degree by et airplanes, burning special grades of distilled fuels. 
Electrical generation shifted toward oll and natural gas, though few countries, 


Francein particular, invested heavily in nuclear power. The United States stands 
‘out in revertingta coal American coal use declined from wartime peaks through 
‘he mid-1950s, and then expanded to new highs, doubling between 1955 and 1995, 
virtually al ofitburned to generate electricity. But ol was fundamental to the 
American economy, more than quadrupling per capita from the 1930sto the 1970s, 
and natural gas use expanded at an even greater rate (se Figure V.10), 

Other world regions grew ata much lower rate but they did prosper relativeto the 
past for several decades following the war Economic growth spread frst and most 
‘obviously to parts of East Asia. Japanese recovery fom the devastation ofthe war 
was gradual in the 1950s but accelerated in the 1960s, and by 1970 the Japanese 
‘matched their American and European counterparts inthe consumption of cars 
and electricity. The postwar perio saw ~ fora variety of reasons the persistence of 
protectionist economic policies in Latin America the communist “Second Wer" 
and in rapidly decolonizing Atica and Asia These import-substituting industrial 
policies worked up toa point. Latin America, isolated from the world economy 
‘during World War Il, pursued policies of protected industialization in the postwar 
period, and wat able to keep up with population growth and generate an expanding 
conomy Into the 1970s. After moderately rising incomes and growth rate inthe 
19508 and 1960s, expecaly in some parts of Latin Ameria, these Second World 
countries were undermined by the energy shocks and debt cries ofthe 19704 and 
1980. The ol shocks ofthe 1970s, when est Arab and then franian oll was cut off 
following the 1973 Yor Kippur War and the 1979 Iranian Revolution, werea frst 
blow. The embargoes doubled and tripled the price of ol and gas ina matter of weeks, 
exporing the central weakness of the global economy. These energy price shocks were 
entangled witha genera global stagnation compounded by an enduring debt crisis 
for many energy-dependent developing countries that lasted through the 19808 
and into the 1990s !° Behind the general stagnation lay and stil ies the specter 
of systematic economic dysfunction, as enormous global populations may have 
‘overrun the limited capacity ofthe world economy to provide employment. 

‘On the other hand, a number of national economies prospered during these 
decades, as well-educated but low-cost cohorts of labor were mobilized by 
‘determined politica elites adopting the best industrial technology available, and 
generating huge quantities of chesp but sophisticated exports Japan was the leader, 
surging in the 1960¢ on the basis of export manufacturing, though by the 1990s it 
‘begun to nufferits own decline Japans neighbors rapidly emulated its example of 
rowth through industrial exports Starting in the 1960s, ast of small East Aslan 
‘countries knovnas the “Four Asian Tigers" South Korea, Hong Kong, Taiwan, and 
‘Singapore joined this upward run. They have been followed by China and India. 
‘ere size helped: the emergence of strong export-based manufacturingin the small, 
‘Asian Tigers as driven their GP per capita up very quicly to levels comparable 
‘with Japan, Western Europe, and the United Statex* 


"Elsewhere there was more of mixed to poor recond. Anumber of Second and 
“Third World countries have significant ol resources, but oll revenues have been and 
continue tobe the soureof serous corruption and misappropriation +7 Others, 
‘most importantly Brail and Chil, have developed thriving agricultural export 
‘economies. The economies of the greater Soviet Bloc of Russi, Soviet Central Asia, 
and Eastern Europe managed to advance at about half the European rate through the 
1970s, but faltered in the 1980s and suddenly collapsed withthe fallofthe Soviet 
‘Union. The new Russia, with the greater Middle Eas, is fundamentally dependent 
‘onthe sle of ol and gason the world markt; the former Soviet Bloc, Rusia with 
Eastern Europ, is projected to actually lose population in coming decades, in 

part a result ofthe colapse ofthe socialist health cae system and a declining life 
‘expectancy for men.” Postcolonial Africa has done the worst ofthe global regions, 
barely maintaining a subsistence level per capita GDP, and t was further ravaged 
by AIDS, Incapacitating and kiling disproportionate numbers f young people of 
working age. 

‘The pressure of surging populations may well surpas the limits of technology, 
‘energy systema and resources to provide the frameworkof wellbeing ina modern 
‘conomy, Such limit rvolve two key areas: the supply of il and the generation of 
‘lectricity. Starting nthe 1950s, geologist M. King Hubbert began to predict theife 
<yele of wel, els, and regions of oi production with notable accuracy. Applied to 
world production, his model predicts that the production of ol will peak and begin 
to decline sometime between 2010 and 2020, During the past decade, however, new 
technologies for ol and natural gas nurvey and extraction have seemingly changed 
the calculus of predictions of peak oi! Newly reported feds from around the world 
have suppressed much discussion of energy limits. Peak ofl and natural gas will 
‘ome, though t may not be upon ws quite yet 

‘The second arena of energy constraint i less widely understood. Over the course 
‘ofthe fist half of the twentieth century, incremental improvements in technology 
continuously improved the efficiency f electrical peneratin, bya factor ofa last 
ten between 1907 and 1957. The result was grester amounts of electric power for 
progressively cheaper rates Sometime in the mit-1960s, these efciency gains ~ 
‘measure in BTUs per blow hour leveled off after the failure of efforts to move 
to larger, more powerful"rupercritcaP bole systems. The result wat higher coste 
for electrical generation in the mist ofthe 1960s economic boom, and by the 
‘atly 1970 contributed tothe beginnings af increasing prices (se Figure 1V.11) 
‘Significant efficiency improvements didnot appear until 2006. Recently, attention 
has tuned to theresistanceto the low of current in aging transmission lines In both 
‘cases the friction of technology has quietly slowed the cours f economic growth 1° 

Iemay wellbe thatthe energy and financial constrictions ofthe global economy 
Inthe 1970s and 1980 signaled thatthe technologies ofthe Second Industrial 
Revolution were reaching the point of diminishing returns, inadequate to manage 


‘the mastivenew populations in what can be called « Kondratiev wave phase 
‘oreven simply a Malthusian crisis Certainty these pressures were generating the 
‘expected Boserupian response of incremental innovation, but nota massive public 
‘commitment. 

‘There were signs by the 1970s that another revolution in applied science was 
under way, Perhaps it had been under way since the 1920s and 1930s, when 
sdavanced physicists hotly debated the principles of nuclear fission "” World War 
lWendad with the explosion of two nuclear weapons aver Japanese cities, and these 
‘conflagrations marked the beginning of what appears tobe a “Third Industrial 
Revolution” The 1880s had seen the emergence ofan indiustrial-academic- 
governmental complex to drive technological vention and innovation. Mos fully 
‘developed in Germany, this government -<riven research and development complex 
‘4d not take holdin the United States in fll form until the Second World War, 
where the Manhattan Project that developed the atomic bomb was the most obvious 
‘example During the war, the US. government funded awide range of applied science 
efforts, most importantly in nuclear science, synthetic rubber, peiclin, jet engines 
(gut turbines), radar, lasers and the easiest electronic computers At the end of 
the war, the US. government scooped up the best German government clentists 
‘and put them to work on developing the technology to put American astronauts 
tnd nuclear misiles into space. The massive scale ofthe wider postwar American, 
rlitary-Industrial complex was light-years beyond any previous effort, and 
‘contributed in great measure to a series of interrelated breakthroughs sometimes 
‘decribed ata Third industrial Revolution: most importantly in vemiconductors and 
blotechnology. This transition is particularly obvious in medical science optical ber 
communications, and these of the personal computer and the Internet, symbolized 
by theft public demonstration in 1968 ofthe computer mouse by it inventor, 
Douglas Engebact.* 

‘This knowledge revolution isclearty the center ofthe trajectory into future 
economies, what has been calle the Third Great Super-Cycle Expansion. But the 
‘question remains as to when sich future economy wil bear frut forthe great 
‘majority of humanity. tt requires a highly educated workforce who can handle 
Information na post-hard technology service sector Ithas not been entirely cleat, 
luni recently, thatthe massive iwestment in high technology nd computers 
was having any rea eect on productivity And the advance ofthe nowiedge 
Industry and economic globalization from the 1990shas helped to reconfigure the 
‘loba distribution of employment and production. Asthe United States andthe 
‘United Kingom in particular have pursued a knowledge-based economy during 
‘the past several dacades, the tranefer of manufacturing to Ear Aa has accelerated: 
the United States and Europe have ceded much of basic stel-and electricity 
‘manufacturing on the model of the Secand Industral evolution to theemerging 
‘Asian economies 


“Thererultshave been uneven and uncertain. The developed world sew high 
‘ates of growth in GDPIeapita during the long decade ofthe 1960s, but ithas not 
‘been able to match this pace since. In the Unite States, ts not entirely clear 
‘that the nowledgerevelution can provide enough employment for the majority 
‘of Americans who have not had adequate education and training. Theresult has 
‘been the emergence ofa two-tier economy asthe American industria base hat 
‘been eroded by the rise of East Asan competitors and then the national embrace 
‘ofa globalized economy. Household wealth and income have become much mare 
‘unequal, after atrend toward equality from the 1930s tothe 1960s. 


‘One ofthe results of his inequality, and the failure of the United States to develop 
‘comprehensive health cae system (until the Affordable Health Care Act of 2010), 
has been a reversal inthe trajectory of American bealth over the past forty year. 
‘American adult stature on average has declined, while there has beens serious 
Increase in rates of obesity and diabetes, which may have been shaped by federal 
policies to increase the volume of cheaper com syrup calories in the American diet: 

‘Asimportant, just asthe world was getting more complicated, the developed 
Worl, led by the Unite States abandoned thelogicof a strong national presence 
ln structuring the economy and more generally providing a collective regulation 
‘of national purposes. The wider “neoibera attack onthe Keynestan tradition of 
‘government, le by Ronald Reagan and Margaret Thatcher, suddenly left humanity 
tnd nature tothe whims of market decisions that might possibly work in small-scale 
‘ocletes, but are simply inadequate in complex global worl. The global economic 
‘crisis that began n 2008 has demonstrated that the financial arm of the wider 
“nowiedge industries” has not been performing in ways that have advanced the 
_penerl wel being, and requires cerious governmental management ?? 

‘The benefits oflate-adopting high-tech industralization and globalization are 
_very evident inthe four small Asian Tiger, South Kare, Hong Kong, Tawan, and 
Singapore, where starting inthe mid-1960s per capita incomes have risen toalmost 
‘match those of the developed world The enormous economies of Chinaand Indi ae 
seen presently as looming giants and Chinas GDMeapita has multiplied by a factor 
of sc since the late 1970s, when it began its drive toward capitalism under one- 
‘arty rule But the sheer scale of their populations ~ and regional foci of economic 
‘development has made th rapid economic progress in China and Indi look ess 
Impressive, though Chinas on the verge of becoming the second larger economy in 
‘he world, tied directly to an American market = Here too the rewards are unevenly 
‘distributed, and Chinese and Indian per capita incomes are stiles than aquarter 
of those in Western Europe. The wider Second World of developing countries, across 
Latin America, Avia, and much of Asia, has only the smallest and most exploitative 
fcthold in the manufacturing economies thatthe prosperous global North i ceding 
to East Asia, much less the mowledge industries ofthe Third Industral Revolution. 


‘Thehistory ofthe global economy since the 1960s again can be tracked 
‘conveniently inthe energy histories ofthe worlds region eee Figure V2). Global 
‘er capita consumption of energy was actually relatively stable after rising toa peak 
{1.55 tonsil equivalent in 1979, declining inthe poor economies of the early 1980s 
and early 1990s, eaching 1.55 again in 2003, and then suddenly rising to 1.65 by 
2006. On a per capita bass the United States and Europe have been relatively stable 
since 1980, while Japan rote markedly between the mid-1980s nd mid-19903. 


‘Two trends canceled each other out inthis decade: while the Asian Tigers’ 
economic growth was matched by a quadrupling of energy consumption, the 
«collapse ofthe Soviet Bloc led toa severe phungein energy consumption, Then there 
the very bottom ofthe per capita rankings, the wider developing and last developed 
World Here itis China that stands out, with slow, steady risen total energy 
‘consumption since the early 1980 and then arapd spurt since 2002, accounting 
forthe largest single number inthe recent global expansion. Chinas growing energy 
‘consumption surpassed that of Europe in 2004, and that ofthe United Staten 
2006, Here theres a clear patter of global transfer: the sequence of expansion of 
energy consumption in Japan, the Tiger, and now China is matched by the stability 
‘of moderating increas inthe United States and Europe; it isa result of the migration 
of industry fom one part ofthe world to another. The rise of China since 2000 ina 
fundamental ality of « Third Great Super-Cycle Expansion =? 


But ia the rest of the world, Africa, Latin America, the Middle Eas, Southeast 
‘Ala, and india thats particularly surprising (see Figure1V.12), Aaa group, there 
regions barely register the slightest of increases in per capita energy consumption. 
But if we loka total consumption, the pictures ather different. Over the entire 
‘period since 1979, and ae far back as 1965, otal energy consumption hae risen in 
there Third World regions more rapid than anywhere ese. In 1979, theve regions 
consumed les than half that ofthe United States In 1994, they surpassed the energy 
consumption of the United States and have continued tose inthe years since, now 
taking over the dubious postion of the leading consumer of energy inthe word. But 
neither the United States nor the Third World has seen any notable changes in per 
capita consumption in the past decade. While increasing energy consumption in East 
‘Asia hasbeen driven by the transfer of industrial function from the United States 
and Europe, the rising energy consumption in the Third World has nt resulted in 
| generalize fn national incomes, but e driven by growing ad increasingly urban. 
‘populations, combined with the energy intensity of inefficient technologies 
(Overall, the basic story ofthe past sixty years of significantly rising per capita 
‘wealth inthe developed Western word joined by the four Asan Tigers. The former 
“Soviet Bloc countries di well int the mi-1970e and then crashed withthe endof 
‘communist rulein 1989; the Second Woeld rose gradualy with the east developed 
‘countries simply showing little ar no signs of improving GNP/population. While 


summary statistics ofthe global economy suggest a global pattern of unprecedented. 
_mowth, there isa very dark ining to this siver loud. 

“ist, this growth slowed during the 1970s and has not advanced a comparable 
‘pace since Second, the global statistics mask an accelerating divergence between, 
haves and have-nots. Thereis clearly a severe economic divergence between 27ich 
‘North and a poor Sout, if complicated by the rising manufacturing economies 
‘of China and india. New “Third Super-Cycle” technologies like microchip, optical 
Abers, photovoltaics, and biomedicine, pointing toward a “space-age future," coexist 
Ina global economy with near-barter-based systems rife with corruption, While 
the significant decline of mortaty and the signs ofa general controling of fetlity 
‘teem to point toa demographic convergence inthe coming decades, the enormous 
‘demographic expansion has left large populations with very limited economic 
prospect 

‘The prospects forthe coming century are grim, because these least develope 
‘countries willbe the las to finish the demographic transition, and are projected to 
{row in population by more than 60 percent in the next two decades, compared with 
bout 35 percent forthe Second World, 11 percent for China, and about 7 percent for 
the developed world (including the four Asan Tiers), while the population ofthe 
former Soviet Bice is expected to actually decline * If convergences in demographic 
rime and seal of urbanization can be projected forthe near future, such 8 
convergence in economic well-being is far more problematic particularly in the 
present climate of global depression launched by the 2008 financial criss in which 
"sing fod costs pushed an already growing number who eat a near starvation det 
‘offewer than 1,800 calories a day up to an estimated 1.02 billion, roughly 15 percent, 
‘ofthe worl’ population * Oi prices quadruple from about $30 0 $130 per barrel 
between 2002 and 2008, and then crashed with the 2008 economic downturn. But 
by easly 2011 they were up to exsentialy their 2008 peak at $120 per barrel, and 
‘when the global economy expands again, the limitation onthe supply fll versus a 
rmacsively expanding demand will again become obvious, 


Environmental Impacts, 1945 to Present: 
Confronting the Third Wave 


‘his, of courte, isan account defined by gross national product of goods and services, 
and assumes some necessary relationship between that measure and thelong- 
term well-being of people. It ar become increasingly apparent, however, that 
tis acrumption may not be sustainable The technologies ofthe Fist and Second 
Industral Revolutions were simed in gest measure at solving the problems of the 
hazards of public health ofa traditional agrarian society becoming urban, But they 
launched second and thi waves of environmental azar, operating atthe regional 
and global levels of the earth system and-—in somemeasure—at macroscopic and 


‘molecular pathways in the biosphere and atmosphere. Developed nations have by 
and large come to confront regional environmental impact, ifnot without apolitical 
struggle, because mitigation of these impact requires accounting forthe cost of 
“free dsposa’of wastes into the earth system. Coming to terms with the reality and 
‘potential consequences ofthe global impacts fo which they are responsible hasbeen 
sneven more profound struggle, because the evidence islss immediately visible and 
‘the economic costs een higher But while the developed world har had acentury and 
halfto mitigate the first two waves of human-created environmental hazard all three 
‘patterns of environmental hazard -preindustra,ndustrializing, and global are 
hitting the peoples of the developing world simultaneously. 
Environmental mitigation hasits roots in the postwar years. The great London 
smog inversion of December 1952 set in motion serious legislation to restrict 
‘domestic and urban coal burning in Great Britain, shifting the burden of eating to 
tural gas-fired electricity, but marking an important step inthe assertion of public, 
governmental authority ver the most obvious, visible environmental impacts, n 
the United States, such efforts to control urban pollution had been under way for 
‘decades, but it would be the dramatic mages ofthe Santa Barbara ll pills and the 
burning ofthe Cuyahoga River in Cleveland in 1969 that grabbed national attention 
snd ed tothe fist Earth Day andthe establishing of the federal Environmental 
Protection Agency in 397027 


In broad segments ofthe global public, anxieties about the threats posed by 
Industral technology had already talan new and more complex forms The atomic 
‘destruction of Hiroshima and Nagata inthe summer of 1945 became the catalyst 
foranew gmnreof popular culture starting with the movie Godzilla in 1954, in which 
‘monstrous dragon-inoraur emerges from the sea log, transformed by nuclear 
lrradiation. American mothers ha thei own Godzilla moment in the late 19808, 
‘when t became known that fallout from open-air nuclear testing was depositing 
radioactive strontum-90 into the food sapply~and breast milk~all across North 
America. These fears deepencs after the publication of Rachel Carson's 1962 Sent 
‘Spring which éramatined the molecular biological impacts of DDT and other 
Pesticides. The ensuing outrage lainched political movements that led to national 
nd international legislation, butalsoto a growing sensitivity ta ways industrial 
‘waste ofall kinds was entering hidden systemic pathways in the biosphere, and 
threatening the heath of humanity. Lad poisoning in children had been a concern 
since the 1930s, butin the 1960s, attention turned tothe lead additives in gasoline, 
‘which were strictly controlled in the Unite States starting withthe 1970 Clean 
Ar Act; Japan, suffering even worse conditions fllowed suit During the 1970s, 
attention began to focus on acid rain one of the by-products of the sulfur dioxide 
produced by coal combustion. Coal burning inthe American Midwest, in northern 
Europe and recently China, sends plumes of sulfur daxide tothe east, depositing 
acid in rainfall that corrodes buildings, ills mountain sprace frets, nd destroys 
the delicate cology of upland streams and lakes Between the mid-1970sand the 


1980s national laws and international agreements began to reduce the level of sulfur 
‘emissions as did the collapse ofthe environmentally dirty Soviet economy after 
1989); by 2002, the global annual sulfur emission level had been cut by roughly 20, 
percent, with important unforeseen consequences” (se Figure 1.14), 

‘Thus, bythe 1960s and 1970s, there was an emerging understanding that 
Industrial economies were having not ust local and regional impacts that were 
‘observable to the naked eye, but unseen impacts that were reaching int the very 
workings ofthe earth system, Some of these global systemic impacts were obvious 
snd macroscopic, and direc threat to human life For centuries, an increasingly 
Intereonnected global economy had intentionally and unintentionally ben moving, 
‘lotic species between the continents, and during the last decades of thetwentleth 
century the thret of invasive species began toloom larger than just locks of 
starlings and English sparrows. Invasive microbes and insects have destroyed 
the American chestnut andthe American elm and threaten the ash and maple 
‘Populations; zebra mussels coat shipping inthe Great Lakes, while honeysuckle, 
‘Purple loosestrif, and the ku vine clog woods, feds, and streams, overwhelming 
native species; ther fvasive species threaten the natura food chains throughout 
‘he world? More important, rapid lobalied human travel permitted by a 
transport has made every local outbreak of «new disease typically crossing the 
snimal-human boundary in a remote tropical locaton ~ worldwide threat. Various 
lnfluenzas erupt annually from the age pig and bird populations in south China 
to sweep the worl. Some more serious emerging diseases Ebola, SARS, West Nile 
Fever, and the HN; influenza virus seem tohave been contained, But HIVAIDS has 
‘only been partially contained ~in effect managed -and it has taken a massive tll on 
countries too poor to finance effective medical intervention. It might have peaked, 
AIDS has devastated parts of southern and central Aftica, and had the potential 
te have ben the Back Death ofthe ate twentieth century; wider catastrophe 
‘epidemics have been averted only by intense efforts of medical science.” 


(Other globalized threats are more subtle, but perhaps even more equally potent 
Inthe popular consciousness Concerns about the threat of nuclear war andthe 
safety of muclenr powerplants and nuclear waste, both of which threatened to 
Irradiate the planet for millenia to come, became the focus of worldwide protest 
ven before the meltdowns at Three Mile alan and Chernobyl in 1979 and 1986 
and President Reagais decision to station tactical nuclear missiles in Europein 

1943, Thecosts of nuclear energy were already cooling investment Theresult hat 
‘been the taling of new nucear power generation in mort countries for decades "> 
‘Similar major concerns emerged regarding the direct results of mid-century chemical 
Innovations flowing out ofthe Second Industria Revolution, specifically the impact 
‘of chloraftuorocarbons (CFCs) and polychlorinated biphenyis (PCB), developed in 
the 1920s and 1930s a coolants in refrigerators, ai conditioners, and transformers 
‘First proposed in the 1970s, twas proved in 1985 that FCs wereeroding the 
stratospheric ozone layer, protective shield that fiters harmful ultraviolet solar 


‘radiation. Popular boycotts inthe 1970s and the Montreal Protocol of 1987 frst 
‘curtaled and then almost totally eliminated the emission of CFs, in oneaf the most 
striking success stories of the mader environmental movement 


‘By the time the Montreal Protocol was signed in 1987, the question of climate 
‘change and global warming induced by industrial emissions had been a serious 
subject of scientific debate and inquiry for Aften year. With the hest wave of 1988 
‘the question burst into public debate; by the ime the public was beginning tobe 
‘convinced by former Vie President Al Gores 2006 movie An Inconvenien Truth, the 
‘ality that human economies were driving climate change was aslily established 
‘consensus among scientists of wide variety of specialties * 


‘Three sorts of evidence shape the argument for human impacts on global 
climate: measures of global temperature, measures ofthe quantities of atmospheric 
_reenhouse gates, and measures of industrial emissions from countries and regions 
‘ofthe worl, which must be balanced against the naturally occuring sources of 
_Ereenhouse gates. Allo these are approximations, but they have been subjected to 
critique, teting, and replication, and stand ata broad consensus and progressive 
refinement. 

‘The first ofthese measures are thove that extimate global and regional temperature 
‘over the longterm. A number of related studies indicate that the twentieth century 
has seen warmer average temperature than anytime n the pasttwo millennia. 
Even more striking «recent synthess of evidence from around the Artic Circle 
‘demonstrates that far northern temperatures had been cooling on along, sow 
‘descent ending toward an eventual glaciation, only tobe interrupted around 1870 
Ina warming that accelerated after 1900. I seem likly that this evidence can be 
squared with Wiliam Ruddiman’ these: f whiff of greenhouse gases emitted by 
‘emerging agriculture since 3000 BC slowed a descent into a glaciation this evidence 
strongly suggests that this slow descent wa sharply reverzed toward warming 
around 1870, Indeed, careful review of temperature praxies running back tothe 
beginning of the Holocene suggests that warming during the twentieth century has 
offset the total cooling that has ocurred since the end ofthe Mid Holocene Crisis, 
5,000 years ago.3* 

‘Then there are the more direct estimates of temperature, records of instrumental 
reading. The oldest isthe most limited in geographic scope: the veries of instrumental 
‘temperature readings assembled for central England since 1659, For thetwentieth 
‘entry, these reading show a gradual climb from slate nineteenth-century old 
spell fom the 1890s to roughly 1940, thena stabty and even cooling the 
‘mid-1980s, followed by asharp risen temperature. Large-scale studies of global 
instrumental temperature readings covering the period since 1850 and 1880 show 
‘virtually the same pattern: two trough of col temperatures around 1890 and 1910, 
followed bya three-decade rise to 1940, then three and ahalf decades of stability and 


even slight coating to roughly 1975, followed by distinct and continuous warming to 
thepresent 5° 

‘This twentieth century rise in temperature has roughly tracked the dramatic rise 
‘nthe volume of greenhouse gases (see Figure IV3,1V.14).CO, had reached 295 ppm 
‘by the 1890s only 10-15 ppm more han the preindustrial norm, and to 310 ppm as 
‘of World War I since 1945, thas surged to385 ppm, and shows no sign of slowing. 
‘Methane had reached 850 ppb as of 1900, about 150 ppb more than its Holocene 
‘norm; by World War Il it reached roughly 1125 ppm, and stands now at 1,750 
pm, though ts at of increase has slowed somewhat inthe past twenty-five years, 
Nitrous oxide, a third major greenhouse gs associated with both agricultural and 
‘industrial activity, may actualy have started its rise during the eighteenth century, 
accelerated after 1800, and then surged after 1945. CFCs, animportant greenhouse 
1s, sian grew steeply during the mid-twentieth century but then tapered off 
ater the boycotts and international agreement of 1974-87. 

‘Agoneral consensus exists that there hasbeen a general cause-and-effect 
relationship between the rise in greenhouse gases and the rise in global temperature, 
both unprecedented inhuman history. But the tory is more complex than a simple 
one-to-one relationship. Fr one thing, temperature doesnot fllow directly the 
‘imple, practically exponential curve of ising greenhouse gases, but has increased 
In two periods, between 1910 and 1940, and since 1975. Explaining this step-wise 
Increase in plobal temperature, and the wider dimensions of moder global climate 
change requires consideration ofall the factors involved: there are both positive 
(warming) and negative (cootng) forcings forcings ofboth human and natural 
origin and the various gaes have diffrent persistence rates inthe atmosphere. 
Radiative forcing values ~any solar or climatic influence that affects the warmth 
ofthe earth —are expressed in watts per square meter onthe top ofthe earth's 
stmosphere. There are ofcourse ackgraund forcing values that maintain the 
‘planet typical Holocene temperature, sola radiation and the various naturally 
‘occurring greenhouse gases such as CO, and methane. The analysis of modern 
timate change measures the forcings that make modern plobal temperatures deviate 
fom this background norm, generally taken tobe 1750, during the eighteenth- 
century optimum following the worst of the Little le Age. 

‘The natural forcings have been discursed throughout this book increases in 
solar activity are positive forcings and decreases obviously negative; vleanic 
sulfur loti converte to sulfate aerosols isa negative forcing, because it blocks 
‘lar radation, either directly as acomponent ofthe stmospherer indirectly 
_asitencourages cloud formation.” Volcanic cooling s transitory, because the 
‘ruption is generally single event; when Mt. Pinatubo erupted in the Philippines 
in 1991, its coling eect (- Wim) lasted about to years. The human derived 
positive forcing include carbon diorde (CO,), methane (CH) nitrous axide(N;0), 
‘hlorofiorocarbons (CFCS) and other chemicals. Other postive factors include 
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‘The 2007 IPCC report comes to essentially the sume conclusions about the sources 
of global warming over the pat century: human influences have far outstripped 
‘natural forces Solar influence rince roughly 1920s stronger than it was during 
the Medieval Warm Period, but there have been far more volcan events during the 
twentieth century than during the tenth and eleventh centuries, andthe absence of 
eruptions may have been as important a solar iradiancein shaping the Medieval 
‘Warm Period. But natural forcings of solar warming and voleanic coling may well 
hve almost canceled each other out during the twentieth century Jeving human 
influences to explain the major part of the modern warming. ® 

‘Over the course ofthe twentieth century, CO, and methane emissions comprised 
the majority of human contributions to greenhouse warming. Inthe Second Great 
Supe. Cycle Expansion that followed World War Il, both land use and fossil fe 
‘emissions surged upward Land use emissions amazingly enough continued 
‘toexceed industrial emissions until roughly 1960; CO, from forest clearance and 
farming surged upward until about 1958; methane emissions rose sharply around 
1945 and maintained astrong rate of increase But the great transition camein 
‘energy consumption and fossil fuel emissions, which staggered irregularly upward 


‘during the depression and war years bu uring the yur of boom growth Between 
1945 and the 1970s shot upward, marethan tripling tracking energy consumption 
‘gion by repon, modulatedby technological ficiency (see Figure V.12,1V.13). 
‘The eas ecient epons were the United States andthe Third World one because 
ofits deep and dense commitment thigh energy intensity, the other because of 
itspoverty. The most eficint region hasbeen the most recently industrialized, the 
‘Asian Tiger counties But the fundamental story of energy consumption in these 
boom years wasthe United States. The United States was the largest regional (nd 
‘certainly national by fr) energy consumer during these decades exceeding allof 
Europein 1940 tobe topped briefly by the Soviet Bloc in the 1980s, thenon-Chinese 
‘developing word in the 1990s, and China tslfin 2005. 1fona percapta basis the 
United States may not have increased a dramatically as other regions, it maintained, 
‘uch of the enormous lad that it had established in the eal twentieth century 
Inenergy and emissions. Tus in 2010 the average American emited ve times as 
such CO, asall other people combined, dowa froma peak ati of seventeen tone 
tn 1920and morethan eleven toone in 1950. 


‘The end result was a skyrockating level of atmoypheric CO, and methane. In 
1945, atmospheric CO; plateaued at about 310 ppm, twenty-Ave point above the 
preindustral norm, and by 1958, when the dally/monthly measurements started 
st Mauna Loa in Hawai, \thad climbed another five pints Filty yeas Late, t 
stands at 396, ands stil climbing. Thus during the century after the introduction 
‘ofthe stationary high-pressure stam engine, CO; reading rose about twenty-five 
polnts during the next half century itrove seventy points, Thus the pattern holds; 
‘expanding populatin, industrializtion, and greenhouse emissions has ina ingle 
Uftie resulted in a totally transformed wor 


‘But theres something ofa paradox in these igures;the three postwar decades saw 
not only the massive expansion of greenhouse emissions and atmospheric pases, 
‘buta stabitzation of plobal temperatures This bears repeating between 1945 and. 
the 1970s, economic emissions and atmospheric greenhouse gases grew sharply, 
‘but tomperature was stable. Equally paradowicaly temperature increased inthe 
First Great interruption between 1910 and 1940, when economies and emissions 
contracted or expanded only erratically, nd then this pattern repeated itself during 
the 1980s nd 1990s, when economies and emissions rates faltered, and temperature 
{ncreaed sharply. The answer to this paradox snot that theres notelationship 
between emissions and temperatures but that this relationship is set ina more 
complex system, including natural forcings, variable persistence rates, andthe 
negative forcing of industrial sulfur. 

Solarinftuence was significant during the twentieth century but ultimately 

‘he rale of sulfate aerosols was probably more important. Sulfur dioxide, whether 
fom volcanoes or smokestacks, is chemically converted in the troposphereto 
sulfate aerosols, which either reflect solar radiation diecty,or by contsbuting 


‘oud formation. Either way, they serve asa potent negative forcing inthe global 
|sreenhouse system. But they donot lst ong inthe atmosphere, and thus need 
‘constant replenishment. Volcanic eruptions are wltimately limited in time and 
‘within months to years the cooling effets of even thebigeest eruptions are washed. 
‘ot. Foil fue burning, most importantly in coal plants ver the past century 

has pushed a relatively constant and growing volume of sulfur dioxide into the 
stmosphere ikea series of constantly erupting volcanoes. The result hasbeen a 
negative forcing somewhat offsetting the positive forcing of CO,, methane, and other 
anthropogenic greenhouse gases. By th end ofthe nineteenth century, this cooling 
was already apparent in serias of bands running east from the major industrial 
‘enters around the North Atlantic. Over the course ofthe twentieth century this 
effecthas become much stronger, forming aband of cooling that encompasses the 
‘entire northern hemisphere from the United States east across the North Atlantic 
through Eurasia and China tothe northeast Pacific ** 


‘This is the first oftwo ay dimensions of variable sulfate distribution. The 
first is geographic and the second chronological (se Figures 1V.9h 114). 
Geographical, industrial sulfur dioxide emissions and resulting sulfate aerosols 
have cooled the northern hemiapher, the hemisphere thats responsible forthe 
‘majority ofthe overall fossil emissions that are warming the earth; conversely the 
onindustralised tropics are exposed tothe brunt ofthe growing global warmth 
and itl of the cooling infuence of sulfate aerosols. But ful fuel sulfur emissions 
have varied through time aswell, mapping both the expansion and contraction of 
the global econorny and the late twenteth-century efforts to contra the worst of 
Industrialized polation. Here effort to contain regional environmental impacts 
have released the undertying potential for serious global environmental impacts It 
would appear that the two tages of sing temperatures in the twentieth century 
have involved diferent combinations of three basic conditions increasing solar 
radiation, the expanding and persistent volume of greenhouse gases, and the 
Intermittent expansion and contraction of more volatile sulfate aerosols Quite 
simply, greenhouse gases have provided the consistent postive forcing, bu they have 
been masked by the negative forcing of sulfate aerosls during periods of economic 
‘expansion. During periods of economic contraction, political cllape, and the onset 
of aggressive national and international effort ocean up air pollstion the cooling 
‘mask slipped away slightly while greenhouse gases have cotinued to rise, and 
‘temperatures jumped dramatically 


‘The Modern Anthropocene 


At this juncture itis worth reviewing the entire sweep of modern climate history in 
‘terms of seven phases, stretching perhaps from the Bronze Age certainly the Little 


‘ce Age-tothe present. The frst four have been discussed at lengthin the previour 
‘wo chapters, the next three in this chapter cee Figure1V.4). 


‘The ist phase can be seen asthe primal agrarian condition, as described by 
‘William Ruddiman, beginning at the opening ofthe Bronze Age and accelerating 
“withthe expansion ofthe Chinese population during the eighteenth century. Here 
theleading anthropogenic greenhouse gas was methane from ree agriculture 
‘Thesecond phase began during the 1840s and 18505;ifit saw fant whifs of early 
industrial emissions, was dominated by CO; emissions from the clearing of 
forested and prairie land across the North American continent, by Davi Potters 
“people of plenty" In both of these periods itis dificult tose the decadal trajectories 
In global climates as being affected more than minimally by these anthropogenic 
{oreings; athe, the recovery from the Dalton Minimum and then the cold spells that 
‘marked the beginning and the end ofthe nineteenth century were clearly shaped by 
solar variation and volcanic activity. 


Inthe thir phase, between 1880 and 1910-the Fist Great Super-Cyee Expansion 
(he Second industrial Revolution) the dramatic increase in greenhouse emlssions 
Was masked somewhat by solar decline and volcanic eruptions that were strong 
cooling influences, and by industria nuifate emissions, which tracked and maskad 
the rising CO, emissions ofthis period. The result here war continuation of the 
late nineteenth-century cooling to around 1910, though it would appear that 
tumperatres were higher than the estimated solar input might have predicted, 
compared tothe previous century and shalt Thus there isthe suggestion here that 
the expansion of greenhouse gases with the Second Industrial Revelution did begin 
tohavea distinc stabilizing -fnot quite warming influence. 


‘The ourth perio, the First Great Interruption of 1910 0 1950, saw the reverse 
of most ofthese conditions and the Art of two significant warmings of global 
temperature Solar iradiance increased significanty, and volcanic eruptions were 
‘minimal, but in addition industrial sulfates faltered, while CO; emisions were 
Irregular, though there was significant lad established during the previous period, 
‘Careful studies suggest that the warming during the First Great Interruption was 
caused by dynamic relationship between allof these factors withthe natural 
positive forcings dominating: solar input must have been important, but reduced 
sulfate aerosols andthe established if erratically prowing greenhouse gases must 
have played a significant role 

‘Thefifth phase was the Second Great Super-Cycte Expansion ofthe 1950s to 

the 1970s Solar input was high, perhaps at peak, and there were relatively few 
-oleanic eruptions, so temperatures should have risen substantially. Bu they did 
‘ot, but remained stable or declined slightly, the result-it every clear~of the cross- 
ressures of postive and negative anthropogenic forcings On one hand, greenhouse 
uses of al kinds -mosty from industrial sources in the Unite States, Europe, 
and the Soviet Bloc surged into the atmosphere, gain putting 2 postive pressure 


‘on global temperature. But these and the postive forcing ofan increased solar 
Influence - were offset by the strong countervaling negative forcing of the great 
‘burst of sulfate aerosolsthat arose from the same industrial combustion. The result 
‘was a temperature impasse, and relatively stable-to-cooling temperatures through 
‘the eatiy 19705, 

‘Then, over thenext twenty-five years, in sith phase-the Second Great 
Interruption from the 1970s conditions shifted again with increasingly warmer 
soba temperatures that have only intensified during the past decade Solar 
In luence was relatively high, but was stable and perhaps declining slightly. It 
was counterbalanced by the negative cooling effect of a serie of strong volcanic 
‘eruptions lke Mt, St.Helens and Mt. Pinatubo. Because ofthe series of economic 
recessions during these decades -and perhaps the beginning of significant energy 
‘eiciencies~ global emissions of greenhouse gates rose considerably more slowly 
than they had during the postwar decades, which might have taken the pressure off 
the global system somewhat. But there was a huge volume of long lived CO; inthe 
stmosphere already The key shift was the roughly 20 percent decine in the volume 
‘of sulfate emissions between 1978 nd 2002, shaped by the collapse ofthe Soviet 
Bloc and the onset of serious ar pollution controls in the United States, Europe and 
Japan. The drop Insulate aerosols combined with the high standing volume of| 
_reenhouse gates canbe the only explanation for the dramatic warming that hat 
occurred since 1975, though the erosion ofthe stratospheric ozone layer by CFCs may 
alsohave contributed tothe warming. On the other hand there was some good news 
the reduction in the rate of increase of CFCs by boycott and international treaty began 
to reduce the growth of some very potent greenhouse gases as has the surprising 
sowing and stablizingof methane emissions ** 

‘The seventh phase, the decade following the turn of the millennium, in what 
right be the beginning ofthe Third Great Super-Cycle Expansion, may replicate the 
‘attern ofthe second super-cyce (ifsoits energy/emissions history has already been 
notched by the impact ofthe worst ofthe 2008 recession (se Figures 1V.12,1¥13). 
‘Chinathas become a major source of emissions while the United States and Europe 
ae stabilize, though at high levels Both CO, and sulfur emissions arerising sharply 
gain, and the effet of one may mask the other; once again: sulfur cooling seems 
tobe cancelling out CO; warming, explaining why there has been an abatement in 
overall warming during the past decade # 

‘These phases of modern climate change obviously had their impacts on the wider 
slobal system, marked by a transition from natural toincreasing anthropogenic 
Influence have argued that, n the intervals between the great Millennial Siberian 
‘Highs, the Holocene global climate pattern centers on the oscillation of warming 
and cooling inthe northem hemisphere, shaped by solar inputs, volcanic variation, 
and probably small shifts in thermohaline circulation in the North Atlantic. With 
‘warm north, the Intertropical Convergence Zone has typically been pulled north, 


‘buta cooling north would slow the ITCZ to rift south, or may indeed push it south. 
Generally, withthe ITCZ pulled toward warm north, the Asian monsoon eystems 
running wert from the Western Pacific Warm Foal have been strong, while the El 
[Nifo phase of the Southern Oscilation hasbeen weak After the endof the ite 
lee Age-the Fourth Siberian High the EI Nifo systems fllowed the warming and 
‘cooling ofthe North Atlantic, and presumably the north-south oscillation ofthe 
mrcz. 

‘Reasonably typical Holocene patterns persisted intothe early twentieth century 
(soe Figure V.14) Warming global and northern temperatures in the 1850s othe 
1860s matched a trough in El Nifo activity. A cooler northern hemisphere from the 
late 1860s to the 1890s seems to have been part of the system that fed the strong 
Nios ofthese decades, and apparently the sporadic fallur of Aslan and West 
‘African monsoons. Throughout the First Great Super-Cycie Expansion the Second 
Industral Revolution) from the 1870sto the 1910s, solar input declined and global 
temperatures cooled ll ofthese factors seem tohave been pretty typical ofthe 
ratural Holocene system, which may have been operating coherently forthe ast 
time, despite the growing level of human emissions 

‘Then during the First Great Interruption of 1910-45, the world wars and the 
Depretion, temperature rove significantly A warmer northern hemisphere weemt 
tohave suppressed El Nifio and contributed to good monsoon rainfall in Wet Attica 
and in india (though Indian rainfall tapered off inthe 19301). The central factor at 
Work may have been arising solar input. But sulfur dioxide emissions slowed during 
there docades, and this clearing of industrial pollution may have contribute to 
ralsing these temperatures” In any event, the general Holocene patterns seem to 
have been stil the dominant player inthe climate system 


‘The ist signs that things were getting seriously out of norm may havecomein 
thelate 1920, Atthe peak ofthe climbing global and Atlantic temperatures around 
1939-41 there was an abnormal Mio spike in 1941, coinciding withthe great 
‘nov that helped stall the German advance into Russa, asthe Dalton Minimum 
had stopped Napoleon *# There was alsoa brief but intense drought period in West 
Aten. 


‘This eatly World War Il aberration may well have been the ist sgn ofthings 

to come, But during the massive increase of industrial emissions ofthe 1950s nd 
19604 plobal temperatures stabilized and even coo (one Figure 1V14). With an 
historically high soar intensity, this halt in global warming seme tohave been 

‘dueto the burden of sulfate serosls injected into the northern hemisphere. With 
‘northern hemisphere temperatures cooing somewhat, there was corresponding 
‘sein EINos peaking in the 1960s. Generally, through 1970, West Africa had 

‘abundant ran for twenty years and the monsoons over India were strong‘? 


“Then, inthe 1970s, as anthropogenic warming began the true consequences of 
the growing greenhouse gases began tobe fel, withthe masking effets of ulate 


‘aerosol stabilising and then decining (se Figure 1V.14) Global temperatures 
{increased sharply, especially in the northern hemisphere: the North Atlantic 
Oscillation shifted toa dominantly positive mode, shifting the winter westerios 
‘north, and bringing increasing levels of drought tothe Mediterranean, Anatolia, 
and points east. But there was an anomalous surge in El Ni activity, which should 
‘not have happened with positive NAO, Drought overwhelmed the Sahel, andthe 
‘monsoon shifted erratically over South Asia, increasingly untethered from its 
ancient ink to ENSO and events in the eastern Pacifc. The central causal element 
scems to have been the anomalous heating of the tropics bythe neteffectsof| 
anthropogenic forcing of climate change; the Hadley Cells making upthe tropic 
‘imate systems on either side of the Intertropical Convergence Zone ae widening, 
sting jet streams toward the poles. As the northern hemisphere has warmed 50 
has the southern, especially the eastern Pacific andthe Indian Ocean, apparently 
‘explaining both the anomalous rising number of El Nifos and the growing 
Independence of the Indian monsoons from the E1Nio-La Nifa oscillation? 


Inthe first decade of the new century, the two systems apparently have continued 
to move tgsther anomalously: patter of positive NAO and El Nifo shifted toward 
‘negative NAO and La Nita At the same time, massive monsoon flooding struck 
Pakistan, Ching, the Philipines, and Austral, while the La Nia condition is being 
lnked to an increasing number and greater velocity of hurricanes and tornadoe in 
the Atlantic and North Amariea Of course the indeterminacie of very recent ime 
tna volatile system make any definitive predictions ofthe future problematic. It is 
certainly possibe that NAO and ENSO will soon return to their “normal” relationship 
Lf third super-yete sulphur emissions continue to keep global temperatures from 
sng, But there el beno immediate return tothe temperatures of around 1970, or 
‘more remotaly the nineteenth century. The system has changed. What may also be 
playing a roles the increasingly strength of the global water cycle, moving moisture 
fom oceans into the lower troporpbee and back again ~quite simply increasing the 
‘volume and intensity of storms and precipitation, a key dimension of predictions for 
the impacts of imate change Quite simply, the weather is getting more extreme as 
the planet warms Perhaps, as atmospheric CO, and average temperature approach 
and exceed that ofthe Mlocene, x too wll the intensity of plabal weather ®* 

‘Thus, while we begin to measure the impact of « general global warming on sea 
level, the geography of natural biomes, arable land and disease there seems tobe 
evidence for important alterations in the structure of the earths climate system, The 
‘present and future climate system is and will bea strange fusion of natural systems 
and anthropogenic influences. Our influence may - i William Ruddiman is right— 
run back thousands of year, in imtic stabilization, detecting of the traectory 
toward future glacial period. But the enhancement ofthat infiuence hasbeen 
‘extremely rap, over the past contury and a half and most powerfully inthe past 
to seven decades. With a sudden warming has come the beginnings of fundamental, 
alterations in the giobal system tee Of course if we compare our stmorpharic 


‘impacts with those that have occurred in geological times, they perhaps paleby 
‘comparison; left toits own devises the earth system would revert to reasonably 
“norma” circumstances in afew millennia Butt will not be left tits own devises, 
sven the press of human numbers and their aspirations for seemingly more 
secure and gratifying life grounded in the energy-intensive economy ofthe Third 
Great Super Cycle. Herewe confront a series of paradoues: recent climate changes 
have been slight, expanded global populations and degraded natural services have 
seriously narrowed the margin fr civilizational error More minor disasters are 
having. larger impact. And then there isthe sale ofthe latent change bullt into the 
‘new atmospheric system: if we have already matched or exceeded greenhouse gas 
levels ofthe Miocene, milionsof years go, temperature levelsand climate effect are 
Just beginning to respond. Weare ike the stone in the slingshot, pulled back and on 
the verge of elease into a fundamentally different reality. 
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Coda 


‘A Rough Journey into an Uncertain Future 


‘Theemergence ofthe modern economy has made humanity an agent in abrupt 
limate change and, more broadly abrupt planetary change. Ina lash of ther 
‘ological or human evolutionary time, human populations have doubled and, 
redoubled tomare than 7 billion twenty-four times the number inhabiting the earth 
1,000 years ag; sixtimes the number two centuries aga Injustthe past sixty yeus, 
human populations have more than doubled, and ina great burst of creative energy 
1nd economic and technological transformation, our rle in building greenhouse 
ses has tripled, and we have begun to disrupt the natural systems and services that 
have sustained us for milions of years. Projections put global population inthe year 
2100 at 10 billion, long since seen asthe outer carying capacity of the earth. We 
‘ow stand facing an uncertain future, and hope that our wits which brought us to 
precarious place, wil sufice to ensure the sustainability of future generations! 


ehind the trajectories that have suddenly launched us out of premodernty Het a 
tangled paradox of human numbers, prosperity and earth system stability, On one 
hand, the evidence of the demographic transition a clea and unequivocal economic 
development anda general improvement of human wellbeing slows population 
rowth by reducing fertility The decline infertility that marks the losing of the 
demographic transition, long completed inthe developed worl, is advancing 
gnifcantly in the developing world But the achieving tis gol will require massive 
resources and energy production — inevitably producing massive quantities of 
sreenhouse yates and further contributing to plobal warming. The prospect of an 
Irreversible tipping point to anew regime of planetary ecology taking ws intoa very 
hostile future ies jst over the horizon. Resolving this paradox while we forestall thi 
tipping pint, iit canbe dane, will take all the intelectual, political, and material 
resources that we can bring tobeat 


Malthus Vindicated? 


‘The Uutureof modern humanity began to be subject of heated public debate during 
the 1960s, when the world began to recover from the horrors of world war, and to 
‘consider the consequences ofthat recovery. The pessimistic view ofthe human 
‘future was presented most dramatically after Rachel arsonis 1962 Silent Spring by 
‘ecologist Paul Ehsichs 1968 The Population Bomb andthe Club of Rome's 1972 Limits 
to Growth. These volumes sounded the alarm ofa looming global crisis of population 


and resources, in which shortages of ol, food, and water onan overpopulated 
‘Planet would lend to famine and war. The optimistic response came from economist 
Julian Simon, whose 1981 The Ultimate Resource argued that growing numbers 


Despite the allure of Ehric’s predictions to materialize inthe short term of| 
thelate twentieth century, concerns about resource shortages over the long term 
sre matters of serious anxiety forthe pobal future. The catastrophic failure and 
meltdown at the Fukushima nuclear facity following the 2011 Japanese tsunami 
‘has undermined hopes that nuclear power isa viable option for meeting massively 
owing demands for electricity In Indi, an electricity blackout inthe summer 
(0f2012, apparent caused by competition fr alimited supply, impacted a tenth 
‘ofthe worl’ population. The 2012 Indian biackout has drawn attention toone of 
‘the mort perilous contradictions ofthe modern condition economic productivity 
requires reasonably cool and dry working conditions, putting enormous strain on 
‘the electrical systems in rapidly growing equatorial countries, and adding huge 
‘volumes of greenhouse gases into the atmosphere * Technological development 
‘may have lifted the threat of an imminent deciine ino proction, but the press of 
demand requires constant innovation and acess to increasingly remote ecologically 
fragile, and politiealy volatile corners ofthe world. Oi production wil eventually 
peak and decline, and global supplies of coal are realistically measured in centuries 
‘New technologies involving tydralic fracturing for shale gas and the exploitation of 
off-shore methane hydrate deposits may lead the way toward an energy transition, 
but one stil very much locke into fora earton fuels As important as energy, key 
Industrial metals, vital tothe new technologies of the Third industrial Revolution, 
ae nlimited supply, and ae being used a strategic weapon in the world economy. 
‘Most important, however, Malthusian concern focus lest on the supply of fuel 

for developed economies than on the supply of fresh water and arable and in the 
less developed world. Thus thereare real eoocerns about acassical endogenous 
[Nalthusian overload: by oneextimate the earth wae 30 percent overpopulated inthe 
_year 2000; another series of estimates suggests that humanity consumes somewhere 
between 16 percent and23 percent of the total annual net primary productivity of 
theearth® 

‘By thelate 19806, however, the focus of immediate concern had shifted from 
sources to sinks, as an awareness ofthe global each ofthe emissions and impact of 
the modern economy began to emerge Rather than running ou of the primary 
‘concern became that we might Kil planetary sustainability by overioadingite sinks 


Jong before wenn out of rrources to drive the economy, flimatechangenow 
‘occupies center stage in public concern about the future of humanity and theesrth, 
the cumulative weight of environmental impacts is an equally important dimension 
‘ofthis modern endogencus Malthusian overload Both the 2011 Fukushima 
‘meltdown and the 2010 British Petroleum Deep Horizon ol wellruptureinthe 
Gulf of Mexico have revived realistic concerns about the environmental hazards of 
advanced but unregulated energy systems The sudden expansion of gus production 
throughout the United States has raise justifiable concerns about the hazards 
that new hydraulic fracturing technologies pose to water supplies. These classic 
‘environmental concerns are now amplified by the less cbvious impact of consumer 
‘nd industrial electronics, which have put an enormous and growing load of oxic 
‘etal into an increasingly plbalized garbage stream. Urban and suburban spr 
has spread with global development, and as increasing fractions of the landscape in 
the United Stats, Europe and now Latin America India, and China are built or paved 
‘over, natural systems of drainage and water control ae disrupted and destroyed. The 
‘result has been increasing volumes of tonic runoff~ from agricultural fertilizers at 
‘much as urban spraw and the nadden weakening of natural buffers aginst foods 
and storm surge, ax was 4 dramatically demonstrated in the 2005 destruction of 
‘much ofthe city of New Orleans in Hurricane Katrina, andthe impact of Hurricane 
‘Sandy onthe New York metropolitan region in 2012. Throughout the world but 
‘now most abviouly inthe developing world, this rapid urbanization istaking place 
on ver estuaries and delta environments. lonically these were the environments 
that attracted postglacial Mesolithic peoples, given their extremely high net primary 
productivity The consequences ofthis modern development are the loss ofboth 
‘valuable farm land and the contributions that the natural productivity of there 
attic ragions make to marine ecosystems * 


‘The massive and increasing use of synthetic nitrogen in agriculture, the essential 
engine of the Green Revolution ofthe 1970s, shaving increasing impacts in both 
theocean and the atmosphere. On one hand, as much as €0 percent of agricultural 
nitrogen fertilier runs off int iver systems, which eventually deposi this excess in 
the ocean, causing blooms of alge and anc "dead zones" which appear annually 
{nthe Gulf of Mexico, off the northeast United States and northern Europe the 
[Mediterranean andthe Black Sea, nd the water off Japan and China. The production 
and application of nitrogen fertilizers also contribute to photochemical smog, has 
‘incorporated nitrogen forms into precipitation, and is a growing component of 
_sreenhoute gates. ifthe emission of CFCs as been macessflly curbed since the 
‘Montreal accord of 1990, it now appears that nitrous oxide isthe leading source 
stratorpheric ozone depletion” 

‘More gnerally, the demands ofa pobalized econamy contributein diffrent ways 
tothe erosion ofthe biotic compleity ofthe earth Rapidly advancing deforestation 
Inthe tropes is pushing unknown numbers of species to extinction, while the global 


spread of insect, microbes, and invasive plant species threaten the integrity of many 
‘temperate ecosystems * 

‘Then there are the vectors of global change that directly threaten the human body. 
On one hand, the globalisation that caries invasive species also carries disease. 
‘Worldwide anseties about another sudden pandemic coming from Ebola AIDS, 
SARs, bird fu, and now swine are not unrealistic If we think that we are more 
‘distant from nature, the reality sthat human and animal vector are even more 
perilously interwoven than they were inthe ancient past Populations lacking 
‘the immunities of constant animal-human interaction are nonetheless exposed 
to viruses and infections spreading from vast pig and poultry farms, from wild 
‘animal transfer to hunters and hikers, and even from patterns of bird migration. In 
dition, since World War Il, modern medicine - lke modern agriculture hasbeen 
‘conducting a worldwide experiment in biochemistry; the same antibiotics that have 
saved countes lives are driving a microbial evolutionary response inthe form of. 
antibiotic resistance, and there isthe real danger thatthe microbes will win, Finally, 
theres the global experiment tha involves volatile synthetic chemicals, including 
CB, which mimic the behavior of hormones Like mercury, Uhese chemicals 
have entered the global food stream among other potential impact, they may 
be contributing to matabelle disorders such as cbesty and type 2 diabetes and to 
[pondering dluordersin animals and perhaps humans, Nota pretty picture? 


‘Then there are the observed and predicted regional ecological impacts of changing 
lobal climate Fest, warming i and willbe mott pronounced onthe land masset 
snd acros the high northern latitudes. Every summer unprecedented passages 
‘open up through the Arctic Sea ce and continental ice sheets on Greenland are 
‘melting more rapdly inthe summer than they reaccurulate during the winter. 
‘There are ominous signs of the impending colapee of continental ice shelve around 
“Antartica, Tropical lacers reals melting at rapid rat, in many case exporing 
land glaciated since the Mid-Holocene. The significant melting of placa ice would 
‘contribute tase in sea evel unprecedented ince the end ofthe Pleistocene, 
pethaps ed by the catastrophic sudden collapse of ie shelves around Antarctica. At 
present, however, ising sea levels are mainly the result of the thermal expansion of 
‘warming ocean wate, which is now at record high temperatures and climbing every 
Year. Given theefect of currents and repional wind flow increasing evaporation sea 
levels will not rise uniformly, but vary around the world. Overland, precipitation 
has been dectning and will continue to declinin the arid and semiarid regions of 
‘the tropics, whilit is increasing in the northern latitudes, often in vislent summer 
storm events At the same time, there are serous questions about the impact of 
‘nesting tropical waters on large climatic systems, most importantly the monsoon 
{forces diving hurricanes and typhoons and the forces operating across the Pacific 
that shape the El Nifio/Souther Oscillation. One scenario might bea Piocene ‘ike 
‘permanent EINio, another perhaps more kely is apermanent La Nia similar to 
‘the warm conditions ofthe Eatly Holocene or the Medieval Climate Anomaly.!° 


‘Many of the emerging environmental hazards and impacts summarized here 
are deeply interconnected with this recent process of labal warming and climate 
‘change. Synthetic nitrogen and CO, emitted from tropical deforestation make 
important contributions to greenhouse gas buildup, and thus to sing temperatures, 
‘The threats othe destruction of marshland and estuary buffers by urbanization 
and agriculture wil combine with projected rising ses levels and increased storm 
Intensity to pu coastal cities at even greater rskof future looding. And 2s global 
‘warming drives the expansion of tropical biomes tothe north andthe south away 
from the equator, these shifting ecologies are already adding new complexities to 
therise of new diseases and the spread of invasive plant and animal species, driven 
Independently by the wider process of economic globalization and population 
_owth. Atthe same time, the increned volume of atmospheric CO, added tolonger 
‘rowing seasons in a warming northern hemisphere, resulting in an increase inet 
primary productivity ax plant lf responds to changing environmental conditions, 
Inthe oceans a similar increased drawdown of CO; ishaving a diferent effect, 
Increasing the acidity of ea water. Both rising acidity and water temperature are 
acersey affecting tropical coral reefs, which are critical habitats fora vast array of, 
‘ocean ie forms.!* 


‘The central question about the sudden surge toward warmer planet is how far 
and fat the warming wil be. In particular, there great concern thatthe warming 
lunched by human population growth and industralzation i already triggering & 
natural acelerator in theireverible warming ofthe Arctic regions, where release 
‘0fCO; and methane frozen in the tundra since the beginning of the Pleistocene will, 
‘double the greenhouse pressures and throw the earth into an entirely new condition. 
‘While the tundra is almay releasing CO; and methane there are particular concerns 
shout methane fydrates, methane gas trapped in iebeds under the seafloor 
Destabilizd by warming or by driling for energy, the sudden release of massive 
volumes of methane from hydrate gas deposts could trigger a runaway warming 
such as occurred 50 milion years ago during the Late Paleocene Thermal Maximum, 
‘event. Phumesof methane rising from Arctic Sea hydrate beds have been detected 
since 2009.17 


Such runaway warming sone ofthe worse-case scenarios that increasingly 
‘haunt scientists and scholars considering our global future. Another that has caused 
some concern, but is nov seen a unlikely inthe immediate future, the threat 
‘ofa "Youngest Dryas": sudden freshening ofthe waters ff Greenland caused by 
‘pid ice melt might shut dawn the North Atlantic thermohaline pump, sending the 
‘arthintoa millennium of placation But there are other concerns about abrupt 
nonlinear changes ~regime sf not just regarding climate ut inentie natural 
scorystems, and human socal and political systems Andi weare concerned about 
‘heendogenous, human driven sources of regime shift” there are sil exogenous 
natural forces that could by themssive seriouely impact our condition. Among 
‘hese the next solar allstatt/Siberian High event, ifthey are even vaguely cyclical, 


{s far in the distance -pechaps AD 3600-4000-and theleast of our worries. More 
“mmadiately, the tectonic impacts of volcanic eruptions, earthquakes, and trunamis 
are recurrent realities, af are hurricanes and cyclones: an unfortunate lustering of 
there events could severely stress our capacity to cope. Beyond these earthly forces le 
‘more distant possiblities: the reversal of the earths magnetic eld perhaps already 
‘under way ~ora meteor impact * 

ewe set aside the more exotic ofthese potential threats, and the simple discomfort 
‘ofahotter plana, the most pervasive and serious ofthe impacts of elther gradual 
‘orabrupt climate change onthe human condition wllinvalve changes in patterns 
‘of precipitation and water distribution, rising vealevels, and how shifting biomes 
will contribute to new disease regimes Economies and people who are directly and 
primarily dependent on rain-or glacial-fed agriculture will suffer most dramatically 
from drought and water shortage, Highly populated coastal districts and cies 
‘throughout the world will be directly impacted by rising sea levels And warming 
temperatures will make new and established diseases often tropical in origin, mach 
‘more pervasive. But global climate change is already having very diferent scales of 
tuderse impact on diferent global regions. Unfortunately, the impacts of warming 
ready are fling disproportionately on peoples who had itl roe in their cause, 
“while those who collectively have been most reponuble for these changes ~and who 
have the capacity to possibly correct therm will ue the lest. Very broadly these 
‘ireumstances once again pit a wealthiey, temperate north against a poorer, ar, and 
tropical south 

‘The most dramatic and perhape unfortunate irony maybe that much ofthe United 
States, which has for more than a century te the world in economic growth and 
carbon emission, will probably escape the very worst impacts of global warming. 
‘This spot to say that there willbe no impacts. As partof the wider Arctic cireuit, 
‘Alatka has already begun to experience serious impact of global warming Arte Sea 
‘ackiceis retreating, and disappearing totally along the Alaskan and Siberian coasts 
‘during summers that are melting the permafrost undermining Inuit villages and of 
rigs alike, and destabilizing vast stretches of coniferous taiga forest !* 

-Acroe the lower forty-eight ofthe Unite States, rising temperatures are already 
setting off more frequent and persistent heat waves, increasing demand for 
‘lectricity across American cities and suburb, fueling wildfires, spring tornadoes, 
‘and drought that has the signature of the mepadroughts that toppled the city-state 
of Cahokia tthe end of the Medieval Climate Anomaly. La Nia drought in 2012 fed 
forest res and buckled roads while scorching the agricultural heartland, putting 
‘more than half of the nations counties onto federal disaster relief, rising the test 
of increased food prices and energy costs © Rising seas willsoon threaten both 
coasts, but especially th overuil Atlantic shoreline seawalls have been proposed to 
protect New York Harbor from storm surges. Global tropical diseases like malaria and 


“dengue fever, suppressed by public health measures fora century, will make inroads 
‘rom the Caribbean; West Nile Feveris already entrenched” 


‘yond these favored regions bordering the North Atlantic, which nunched 
the modern economy, the word's more populated regions wil feel orare already 
‘feeling the adverse effects of global warming much more severely. The droughts that 
started in the Sahel in the 1970s are probably the lading edge ofthese effects that 
sre projected to encompass southern Europe, northern Afica, Southwest and South 
‘Asia, China, and large part of Australia and Latin America, The impact of these 
shifts is already apparent in Spain and Greece, where droughts have stthe stage for 
massive wildfires in recent years, and aross Europe in general, where unprecedented 
heat waves beginning in the mid-1990s have killed thousands of people. Declining 
‘mowfallin Anatolia driven bya strong postive mode of the North Atlantic 
(Oselation projected to dry up the spring and summer low of the Tigris the 
Euphrates and the Jordan River basin, South Asia and Andean South America willbe 
alfectd bythe melting of tropical glaciers after a burst of melted water there willbe 
permanently restricted and insufficient volumes of spring runoff. In China generally, 
Warming will increase demand for irrigation from already overutilizd rivers The 
densely populated great river deltas in Bangladesh, Southeast Axi, and China willbe 
threatened by rising sea levels and storm surges; China, Pakistan, andthe Philippines 
have been severely impacted by strong La Nia flooding, These events can be clearly 
«connected to the advancing plobal temperatures of the past three decades, which 
reached arecont high during the summer of2012.tn umm, where the UN. classifi 
thirty-two countries as suffering from water scarcity or water stress; by 2050 this 
‘number will isto slaty, encompassing nearly one half of the population ofthe 
‘world? These conditions will obviously be exacerbated by deforestation, which 
‘wil encourage evaporation and runof, and cbviously by increasing mands for 
‘water from growing populations Even without any climate change, the increasing 
populations ofthe developing world would put huge pressures on water supplies, to 
say nothing of sos and timber. More broadly, the combined pressures of population 
‘growth and climate change will put enormous burdenson the wider lst-developed 
tropics, further limiting economic progres for this word majrity° 

‘The neat several decades, at the last, will se large generations coming of 

age in impoverished economies with limited prospects. In broad outline, thelr 
‘ireumstances bear some similarity to those of the Siberian High millennia ofthe 
Holocene pastclimate shifts toward drought, often abrupt, contributing to fiting 
economies and fling states, et the stage for migrations, ivi violence, and wat. 
Such isthe patter Ihave suggested forthe key breaks in Old World histories since 
‘the Mid Holocene Crise and the ise ofthe state n 3000 BC, an the pattern that 
scholars have found for China and globally over the past millennium. ** Recent work 
has suggested the same for modern societies: warming climate slows economic 
_owth disproportionatelyn poorer, tropical countries and drought isalready an 
scpectof the causal factors in civ wars around the word, such asin Darfur, Liberia, 


Somalia, and northern Nigeria Water may well contribute to conflict in the Middle 
East, where water flow in sae, Jordan, and Iraqis controlled by dams n Syria and 

‘Turkey. Connections between drought in China, rising food prices during “agfation * 
and emerging regional water stresses are suggesting that climate changes key part 
ofthe background tothe wider Middle aster “Arab Spring" Rising resource tress 

‘may not necessarily be the direct eause of conflict, but it willcertainly intensify and 
accelerate preexisting national, ethnic, and class animosities?? 


climate change can raise the threat of civil war, the pressof population and 
technology on resources is driving its own dynamic for conflict. Rare minerals 
essential for advanced technology willbe increasingly the focus f competition Inthe 
‘coming decades, as they are now to different degrees in the Congo, South America, 
tnd China. China ise hasbeen seking to command new resources on near and far 
frontiers Its efforts to control Tibet and the eastern Uighur autonomous region have 
‘explicitly been efforts to settle ethnically Han people, particularly military veterans, 
‘outside the Chinese core, andthe Chinese government has launched a series of efforts 
to secure resources in sub-Saharan Africa. And onthe other hand, despite arguments 
‘hat oll supplies are plentiful, the industrial West has been extremely aggresive in 
securing acces tool protecting the global flow of ol from the Persian Gulf hasbeen 
‘central tenet of United States foreign and military policy since the close of World 
Wart? 


Deniers, Pessimists, and Pragmatists 


(On abroad font, then, climate change, population growth, and energy resources 
allare already directly shaping the context of global struggle in the decades to 
come. Some already clam thatthe wider impact of imate change isthe vehicle 
ofa genocide by the north being perpetrated against the global south Put more 
sclentifcally, or more delicately, by E O. Wilson and Wiliam McKibben, we are at 

1 “bottleneck” ora special moment“ The question ishow to et through this 
bottleneck Answers to this question run across a wide gamut of publicopinion. In 
theend they lad us to domains beyond the formal purview ofthis book: politics and 
governance. 

‘Until recently, public opinion on te eclogical future ofthe earth and its people 
has been described in the terms framed by the debate between Paul Erlich and 
Julian Simon alarmist Malthasians and optimistic Cormucopians With the shift 
ofthe center ofthe debate from resources to climate change, new frameworks 
and postions have emerged Simon‘s cormucopianicm, with its fundamental fee- 
‘market driven assumption that a businesrae-ueual pursuit of economic growth 
could continue forever, has sifted toward a posture of denial The active “deniers” 
bout 7 percent of the American public according to surveys, imply refuse to accept 
sn of the evidence that human activity has had an impact on natural cimate 


systems. Strongly conservative and individualistic in ther worldview deniers call 
‘the evidence of imate change “junk science“afalse theory conspiracy or media 
type, or they argue that any changes are simply iven by natural forces. The deniers 
are supported by extremely powerful and wealthy interests entrenched in an old 
‘technology especially the ol industry, which had its origins more than a century 250 
Inthe Second Industrial Revolution. And their weies have been willy amplified by 
| small group of well-inanced and well-connected right-wing ideologues who have 
‘worked assiduously to move public opinion against scientific evidence on cancer 
and tobacco acd ain, and the ozone layer, before ginning up the campaign against 
‘imate change science ?> 

‘At the other end ofthe spectrum, separated from the deniersby abroad body ofthe 
[Public nctined tose climate change as significant somewhat abstract sue, the 
environmental ‘alarmist have divided into two camps. The time fo sounding the 
alarm is ows, and environmentalist and ther allies have had to decide onthe best 
‘coume faction, Very broadly they ave divided into postion of angry pessimism, 
sand concerned pragmatism, 

‘Amood of angry pessimism hangs ikea dark cloud over the scientific world For 
‘decades, rclentists have been increasingly concerned about the planetary future, 
and frustrated by the roadblocks to mitigation thrown up by the partisans of denial 
Inthe potitial arena. With politicians and entrenched interest standing in the Way 
of change, the evidence about the deep past and the unfolding present has mounted, 
to support the premise that the earth ison the brink of nonlinear catastrophic 
change?" At ths late juncture, the pessimists fear, tervention is ust too ite too 
late This angry pessimism doesnot often fin its way into the scientific iterature, 
but ithas found its most powerful expression inthe words of James Lovelock, whose 
Insights forty years ago about the interconnections of if, amaepere, andthe slid, 
‘moving earth have underpinned the earth systems approach that drives modern, 
environmental science. In The Revenge of Gaia, published in 2006, Lovelock desriber 

futur of the earth in apocalyptic terms: 


[Mjow the evidence coming in rom watchers around the wold brings 
‘ews of an imminent shift in our climate toward one that could easily 
be described as Hell: so hot, so deadly that only a handful of the teeming 
balione nov alive wil survive. We have made this appalling mets ofthe 
planet, and mostly rampant liberal ood intensions. Even now, when the 
‘bell has started tolling to mark our ending. we stil talk of sustainable 
‘development and renewable energy 2s ifthese feeble offerings would be 
sccepted by Gaia. as an appropeiate and affordable sacrifice ** 


veloc closes his book withthe image of future survivors on camelback making 
thee way through horrific deserts to refuges north of the Arctic Circe. But Lovelock. 
‘cannot help but toy with the technological solutions that have captured the attention 


and eforsof many of his environmentalist pers and their new allies among the 
"ranks of economists. This new body of pragmatistsallconcerned and some hopeful, 
ae poised on the classic pivot between Malthus and Boserup: Willthe press of human 
‘numbers overwhelm the planet or wil it rive another technological revlution 
bringing those numbers nto balance with the earth eystem? Can economic growth 
be detached from demographic numbers attached ait hasbeen for millennia? And 
‘an growth be detached from the environmental impacts that have followed from 
human activity for those same millennia? 


Daltry as they might seem toLovelock and the pessimists the efforts ofthe 
pragmatists seeking a way through the bottleneck at times have seemed tillthe 
‘ews. Fully avare ofthe timeline of predictions of tipping points and points of no 
‘return and the threats of abrupt change, the pragmatic approach s driven by 
‘aleuation that many discrete efforts willadd up tothe necessary course correction 
Inthe trajectory ofthe earth andits people, They are increasingly attuned tothe dea 
thatthe earth will have tobe managed by human sction fra sustainable future, 
and that this wil require the acceptance of certain evelof ik. And they ares 
‘consciously thinking through a model of human social resilience inthe face of 
sudden climatic change?” 


‘Thebest established of these pragmatic programs, and perhaps the model for 
‘others in other arenas, the effort to improv living conditions in the developing 
World. na line that runs back to the nineteenth <entury rformersand responding 
tothe consequences ofthe contol of mortality, the first pragmatist tur came in 
response tothe earliest Malthusian concern about population inthe postwar yeart 
Inthiseffortthey had after 1945 aready-made floba institution the United Nations, 
Wich since ts founding has devote a large percentage oft budget to addressing 
presrures onthe developing world, through programs and agencies devoted to 
population, heaith economic development, food, refugees, women and children, and 
human settlements. Outside ofthe UN, institutions such asthe World Bankand 
the International Monetary Fund have also had a global reac, though often with 
the effect of advancing the interests of the developed word. Private philanthropic 
foundations established by the beneficiaries ofthe Second and Third Industrial 
Revolutions have als played a increasingly important role the long-established 
Rockefeller and Ford Foundations nov overshadowed by the Bill an Melinda Gates 
Foundation, which is putting vast resources into innovative evelopment projects 
med atthe word's poorest populations and especially nto health intitives 
Involving malaria, AIDs, and childhood diseases. The UN's Millennium Development 
Goals, opted in 2001, establish well-aticulated plans to move aggressively to 
‘help the poorest countries, and the poorest lion of the world's population, out of 
poverty challenging the worlds riches nations to fund this effort with. 7 percent 
of their GDP, less than what has heen promised "but nt delivered -in international 
a2? 


(Over the past ten to twenty years, entrepreneurs and engineers have joined climate 
scientists in similar pragmatic coalition to adress global warming andthe energy 
systems that have driven it The technology require to reduce greenhouse gases is 
sddvancing riven by patriotic and pocketbook cancers about energy independence, 
‘energy efficiency, and potential profit as mach as environmental impact. forts 

to bring this transition tothe private automobile are now advancing, with hybrid 
‘goline electric vehicles well established in the marke, and electric cars beginning 
tohitthe streets" Bus eet are being converted to cleaner-burning natural as, 
and hydrogen fuel systems could bein cost effective production ina decade or two. 
Solar and wind energy have suddenly emerged as rel possibilities, While Europe 
1nd particularly Germany are now the world leaders in solar energy supply solar 
nel arrays are being installed throughout the hotter regions of the United States, 
‘nd China has begun to dominate the word solar market through a major, heavily 
subsidized campaign. Enormous fields of wind turbines are an increasingly 
‘common sight across the United States, and are becoming a significant part of the 
employment picture in some rural regions Whether these weather-dependent 
systema can provide the steady high volume of sustained electric power remains to 
Deven, however 

‘These effort to limit emissions may wellcome up short, too ite too late, 
‘or simply fal. Te result isa growing contested interest in more aggressive 
Interventions ino the workings ofthe earth system. One idea being developed it 

to iterallyserub CO; out ofthe alr with chemical machinery that would convert 
the carbon to quicklime Such CO; scrubbers have been constructed in laboratories, 
and efforts are under way to we if they can be manufactured on a ea-world 

scale.” Other approaches are more controversial, because they involve more radical 
_Reoengineering interventions that might weil lead to widely ramifying unintended 
‘consequences One solution would be to dump many tons of ron fillings into the 
south Pacific to encourage blooms of algae that would ingest and sequester CO, 
Another proposal isto inject sulfate aerosols nto the stratosphere to simulate the 
effect of volcanic eruptions, thus cooling the earth; another would have special ships 
spraying seawater to whiten stratospheric clouds Yet another invalves positioning 
‘enormous reflectors above the atmosphere, which would deflect solar radiation. The 
‘mort extreme model so argues that the hiatus warming in the 1950e and 1960 
‘was not caused by industrial sulfates but by pulverized rock pt into the atmosphere 
by surface testing of nuclear weapons; the article quantifies the cost of sending dally 
fights tothe top ofthe atmosphere to spread tons of powdered limestone, The rst 
bjection to these concepts, some of which are seen as borderine feasible arethe 
‘unintended consequences, Overshoatng the dumping of ion lings could cool the 
cart climate suddenly, while imitating volcanic emissions runsthe isk of further 
Interfering with global precipitation patterns. Asimportant, these technological 
Interventions could well encourage global powers to accept asclution of continuing 
high greenhouse emissions offet by technological fixes. Such a“scluton” woul 


require century after century of careful maintenance cause shutting down such 
‘technologies while inflated levels of greenhouse gases remainin the atmosphere 
would inde set off hellish surge of catastrophic warming, Onthecther hang, 
having there technologies in reserve might wellbe a prudent policy, because they 
‘oul be deployed ina worst-case scenaria™ 

Policy, however, requires politics. Shaping these technical fixer are the political 
‘decisions that will direct the low and structuring finances necessary to effect change. 
‘These involve complex negotiations between global institutions and sovereign 
nations, which have as yt not arrived ata workable solution, given the deeply 
‘entrenched interests at stake. Asin development and population the center of forts 
‘twaddress questions of global environment and climate change are institutions 
framed by the United Nation. Fins, the Intergovernmental Panel on Climate Change 
was established in 1984, the hot year that suddenly brought the question of global 
Warming to publi attention, as a global consortium of sclentsts assearing the 
‘evidence for climate change. Formed onthe initiative ofthe World Meteorological 
Organization andthe UN. Environmental Programme, which dated backto 1473 and 
1972 respectively, the IPCC thus has roots in the late nineteenth-century 
Institutionaization of tclence and the launch of the environmental movement after 
the fist Earth Day Publishing its frst report in 1995, the IPCC was formally made the 
advisory arm tothe UN. negotiating body, the Framework Convention on Climate 
‘Change (UNFCCC), established at the Earth Summit at Riode Janeiro 1992. The 
Framework convention has met anzwally since 1995, bu the negotiations have never 
reached ona consensus on how the leading and established economies might 
Aisproportionately cut thelr emissions, lading toward green technology while 
‘developing countries continue energy-and emission intensive economic 
development The Kyoto Protocol of 1997 extablished a global plan toring 
sfeenhouse emissions 6 percent 8 percent below 1990 levels by 2008-12; the US. 
target of7 percent was blocked by the US. Senate during the Democratic Clinton 
‘diministration and explicitly rejected by the Republican Bush administration in 
2001. In une 2009, the US. House of Representatives passed the Waxman Markey 
‘Clean Energy and Security Act, which established a cap-and-trade system aimed at 
‘reducing US. greenhouse emissions by 17 percent (fom 2005) in 2020, and 80 
‘percent in 2050, mandate the modernization and increased eficency of electrical 
systema, and advanced support for renewable energy and electric vehicles. Under the 
relentless pressure of the economic recession and sdrumbest of opposition from the 
American Republican Party, thisbilhas disappeared from the national agenda, atthe 
debate over healthcare and then the slow economic recovery frm the 2008 crash 
have stifed any political momentum teward ation on climate 7° 


‘The central and obvious roadblock to a comprehensive global agreement isin the 
perceived trade-off between economy and environment. As wehave seen, the modern 
history of economic expansions and interruptions has demonstrated sofar that 

‘lourishing economies - producing and consuming increasing volumes of electricity 


produce equivalent emissions. The United States has refused to control emistions 
‘if that would interfere with an “American lifestyle” and developing countries such 
2s China have ben equally unwilling to slow their development forthe sake ofthe 
‘environment While the evidence from the 1987 Montreal Protocl, which banned 
CFCs has shown how effective global contra can be implemented without serious 
‘economic consequences, the largest greenhouse contributors stand against decisive 
action. 

‘Thus a workdwide debate on practical, pragmatic solutions for thenext century 
hinges on the balance between economic growth and projected climate change 
‘The Fourth Assessment Report ofthe IPCC, issued erly in 2007, standsat the 
Institutional and intellectual center of this debate. Working Group I of TC was 
sssigne the task of assesting the range of mitigation strategie, and presenting 
_aduated series of options forthe Framework Convention andits member nations to 
‘conser and act upon. The core of their reports areview ofthe cost of investments 
In technology, infrastructure, and behavior modification that would be required to 
bring greenhouse gas emissions to within certain stabilization targets The estimate 
that keeping CO; concentrations in 2030 in the 440-485 ppm range might shave off 
‘perhaps 1 percent of global GDP, and keeping it within 350-440 ppm range ight 
‘oat 2to 3 percent. Estimates forthe years 2050 ae considerably higher, at muuch 
1455 percent. nthe other hand, the Working Group doesnot assess the cont of 
notacting, but suggests tat action might even increase GNP lightly, by ax much 
1s 1 percent by 2050, New estimates post that the cont f inaction against global 
warming are much higher than previously expected; tt remains tobe demonstrated 
Airectly that they would be much higher than those f action.* 


‘The PCC Report, and the Stern Review fsued by Nicholas Stern, climate 
adviser tothe United Kingdom in 2006, both present relatively cot-fee plans 

for addressing climate change. As revise in a 2009 book, the Stern reports now 
the core of pragmatic solution. He propose a 50 percent cut in 1980 emissions 
by 2050, with a target of "450 ppm CO, (r 500 ppm CO, in total greenhouse gar 
equivalents), Developed countries would agree immediatly to reductions by 2020 
1nd 2050, totally 80 percent of 1990 emissions; developing countries would agree 
to reductions in 2020. The entire process would be governed by a global system 

of cap and trdein“atbon credits" that would grow increasingly costy through 
time, driving emitters to adopt improved technologies. Exeential elements include 
success in topping tropical deforestation, subsidies by developed countries forthe 
necessary technology, and serious afforts to providea wide ange of assistance to the 
developing world” 

‘The Stern position ithe essence of pragmatism Itaddreses the deniers by 
arguing tat the costs of imate mitigation would not be too high, and it warns the 
pessimists to not ‘disrupt the possibility of agreement in the very near future." 
Butts premises have been strongly challenged James Hansen, the director of the 


NASA Goddard Institute for Space Science and one ofthe leading climate scientists 
{nthe United State, opened the public climate change debate in his 1958 report to 
(Congress. He earned his spurs asa pragmatist during the last decade, arguing that a 
low-cost mitigation could be achieved through focusing on reducing methane and 
‘black soot emissions to zero, while allowing CO, emissions to continue relatively 
unabated for several decades."* But inthe past few year, following his own review 
‘oftheentire weep of Cenozoic climate history, he as rejected the 450 ppm target 
sciyanced by the IPCC and the Stern report, and strongly advocated fr a goal of 
‘reducing CO; to 350 ppm as soon as possible. His position is supported by new 
studies focusing on the long-range impacts of highly persistent atmospheric CO. 
Hansen's analysis hinges onthe “tipping point” toward a glaciated planet 35 milion 
_yeas go during the late Eocene, when he argues that CO, dropped below arange 
‘0450-600 ppm. this analysis, planet with an atmospheric CO, count of higher 
‘han 450 ppm, "flong maintained would push Earth toward an ice-free tat,” 
the extreme, apocalyptic picture ofthe “angry pessimists" Thus Hansen ~with 2 
‘istingushed group ofcomuthors- argues strenuously that we need to return as 
‘oon as posible toa safe" 350 ppm eve. To achieve thi goal he reiterates his 
recommendations on eliminating methane and black soot emissions, recommends 
serious efforts at reforestation, the elimination of biomass burning, and demands 
‘hat all coal emissions be requestere or phaved out. Then he takes an initial step 
toward pecengineering, proposing the industrial production ofthe CO, ale xerubbers 
that now exist ax prototypes His fellow NASA scentst Drew Shindell has advanced 
‘he argument for black carbon reductions, combining the evidence for tx unique 
sreenbouse impact with ts adverse effects on agricultural productivity and human, 
health? 

‘nthe final analysis, our current circumstance needs tbe ween both ata crisis in 
the relation of humanityand the earth system, and asa moment inthe Jong.-term 
transformation of economic systems on aseale with any ofthe great ruptures of 
the human past. Scientists, engineers, and entrepreneurs, the cre the pragmatic 
‘oalition, are mapping a possible path toa sustainable future. Quite simply itean go 
‘one way or another. What is needed isa new legal frameworkto shape the transition 
to anew system of energy andthe markt. fan earth system crisis is averted, 
Wille because the politics of economic transformation was ableto unfold quickly 
‘enough to makea difference. 


(Over the past $00 yeas all significant epochs economic transformation 
have had fundamentally political dimension In each case, the state's rolein the 
determination of the course of economic action made the decisive difference. 
[European state sot the conditions that unched the age of empire: theresalution 
‘ofthe English Revolution in 1689 and eventually British victories over Napoleon 
framed the conditions ofthe Fist Industrial Revolution thelega, national, 
and financial initiatives of European governments and the United Sates set the 
“onions for the Second Industrial Revolution *! Ineach ofthese transitions there 


‘was «heated political straggle between the established order and the advocates 
‘ofchange Tecan be argued that we currently sit tlle in the midst ofthe Third 
‘Industrial Revolution, but thatthe tcls needed to address the earth system crisis 
are thoseof that third revolution: an explosion of innovation and investment 
{nan energy-technology economy that wil drive the human condition forward 
‘while maintaining the essential integrity ofthe earth system. The critical lever to 
launch and sustain this transformation must be the cllective action of democratic 
governance at the national and the international level There are strong indications 
that the American publics beginning to understand the case for ation = 

‘Whats necessary, what all ofthe pragmatists are working for, what the pessimists 
despair of and what the deniers reject in antihistorical antscintific iological 
‘animus, entrenched interest, nd a good bt of wishful thinking, sa global solution, 
‘We hold itin our collective capacity to address the earth system crisis that is now 
Upon ws. That capacity must be moblized by an informed political wil, 
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